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HABMONIC CONSTANT REDUCTIONS

The purpose of these reductions is to obtain from the harmonic
constants mean values of tidal quantities which depend upon the times
and heights of high and low waters. The quantities usually sought are
the mean and tropic high and low water lunitidel intervals and various
tidal ranges and inequalities. While such quantities may be derived
directly from the high and low water tabulations, the methed of obtain-
ing them from harmonic constants is usually less laborious and affords
more consistent results because of the elimination of meterorological
effects in the processes of the harmonic analysis. However, for the
primary tide stations where the observations cover many years, the re-
sults obtained directly from the high and low water tabulations are
usually preferred to those from the harmonic constants when the latter
are based upon only a few years of observations, although in general
the difference inthe results may be negligible for practical purposes.

Age of inequalities.--The three principal inequalities inthe tide
are due tochanges in the phase, parallax, and declination of the moon.
In each ¢ase there is usually a lag of some hours between the time of
the astronomical conditien tending toproduce the maximum inequality and
the actual maximum as it occurs in nature. This lag is known as the
age of the inequality and may be expressed in terms of the tidal con-
stantx. -

Phase age.--The phase inequality is manifested by a variation in
the range of tide which tends to increase in approaching the times of
new and full moon and to decrease in approaching the quadratures of the
moon. When the tide is represented by its harmeonic constituents, the
maximum range due sclely to the phase effect occurs when M, and S, are
in phase agreement. The origins to which the epochs of these two con-
stituents are referred coincide at the times of new and full moon and
their phase difference at this time is therefore measured by the differ-
ence in their epochs. The phase age is the time required for these two
constituents to arrive at a phase agreement and can be obtained by divi-
ding the difference in their epochs by the difference in their speeds,
the latter being given in Table 2 of Coast and Geodetic Survey Special
Publication No. 98. The hourly speed of S, exceeds that ofM, by1.016°,
the reciprocal of which is 0,984, The required formula is as follows.

Phase age (in hours) = 0,984 (S; - H;) e o a2 o « o « (1)

The above aswell as the two following formulas is applicable regardless
of whether locel or Greenwich epochs are used in the computation.
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Parallax age.--The parallax inequality results from changes in the
moon’s distance from the earth, the range of tide tending to increase as
the moon approaches its perigee and to decrease as it approaches 1its apogee.
This inequality is represented principally by constituent N,» the origin
of 1ts epoch coinciding with that of M, when the moon is in perlgee. The

parallax age is therefore the interval requlred for constituents ].’#'l2 and N,

to arrive at phase agreement. The reciprocal of the difference in the1r
hourly speeds is 1,837, and the formula may be written-

Parallax age (in hours) = 1,837 (M; - N3) . . . . . . (2)

Diurnal age.--The diurnal inequality asmanifested chiefly by a dif-
ference in the heights of the two high —aters or of the two low waters of
each day and is caused by the presence of a diurnal! wave which is due to
the declination of the tide-producing body. Both the moon and sun have
a part in creating this wave but the moon’'s effect usually predominates.
The diurnal wave varies throughout themonth in amplitude andin its phase
relation to the semidiurrnal wave. Its effect on the tide as a whole is
greatest at the time of the tropic tides when the amplitude is at a maximum
but the high and low waters areusually affected unequally depending upon
the phase relation of the two waves.

The diurnal wave is represented pr1nc1pallylnfcnnst1tuents K, and O,
which are in phase agreement when the wave attains its maximum amplltude.
The epochs of these constituents have a common origin at the times of
maximum declination and the diurnal age is the interval required for them
to arrive at phase agreement. The reciprocal of the difference in their
hourly speeds being 0.911, the formula for the age may be written-

Diurnal age (in hours) = 0.911 (K7 - 0;] e oov e .. (3)

Mean lunitidal intervals.--In the normal semidiurnal tide, the high
water lunitidal interval is the time interval between the transit of the
moon over a speclfied meridian and the occurrence of the following high
water. Similarly, the low water lunitidal interval 1s the elapsed time
between the transit of the moon and the following low water. Originally,
these intervals were reckoned from the moon's transits over the local
meridian of the place of observation, but more recently the practice is
being adopted in the Coast and Geodetic Survey to refer all intervals to
the moon’s transits over the meridian of Greenwich, such intervals being
designated as Greenwich Intervals to distinguish them from the local
intervals.

As constituent M, is in general the predominating element in the
semidiurnal tide and 1ts epoch i1s referred to practically the same origin
as the lunitidal intervals, this epoch reduced to time will correspond



approximately to the mean high water interval, local or Greenwich according
to the meridian to which the epoch 1&self is referred. The approximate
high water interval in hours mey therefore be obtained by dividing the
epoch of M, by its speed, or more conveniently by multiplying by the
reciprocal of this speed which 1s 00,0345, The corresponding approximate
low water interval may be obtained by multiplying (M) &£ 180°) by the same

factor.

The times of the semidiurnal high and low waters may be accelerated
or retarded by the presence of shallow water constituents, the principal
ones being the harmonics M, and M,. The equation of a wave including the
principal lunar constituent and these two harmonics may be written-

y = M: cos (at-M;) +M4 cCos (2at+M:) +Mﬁ COS (3at_M:} . o« . . (4)

in which a is the speed of M, and t 1s time reckoned from the same origin
as the constituent epoch.

The time origin may be conveniently changed to coincide with the

first maximum value of the M_ constituent, 1n which case the formula may

be written-
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y = M, cos at +M* cos (2at + 2M;—M:J t M, cos (3at + IMZI-MZ) . . (5)
For brevaity let

P, = M7 - M7 . . . . o .o oo oo e (6)

p:35{"-”:..........‘.....(?)

Then P, and P, are respectively the phases of constituents M, and M, cor-
responding to the zero phase of M,. The values for P, and P, w1ll be
independent of whether the constituent epochs have been feferred to the
local or Greenwich meridian. Substituting these symbols in equation (5}

y =M, cos at + M, cos (2at + P} + M, cos (3at + P,) - - . . (8)

Values for at which will render y a maximum or minimum must satisfy
the derived equation

Mz sin at + M, sin (2at +_P4) + 3M, sin (3at + Pﬁ) =0 . . . (9)
Referring to equation (8), the maximumor high water of the M, constituent
occurs when at equals 0°, and theminimum or low water when at equals 180°.
Let the accelerations due to M, and M be represented by y and w for the
high and low ‘water respectively, these accelerations being expressed in
degrees of the semidiurnal constituent, Then for the maximum and minimum
of the compound wave, at equals —v and (180°-w), respectively. Substitut-
ing these in equation (9)




M2 sin (-v) + ZM‘ s1n (P4—2v) t 3M, sin (PE-B?) =0 (10}
-M, sin (-w) t 2M, sin (P -2w) - M, sin (P __3w) = 0 (11)
From (10)
*M: sxn v 1 ZM4 S1n P4 cos 2v ._2'MdII cos P* sin 2v
+ 3M_ sin Pﬁ cos 3v -3M_ cos PE sin 3v = . (12)
Transposing and dividing by cos v
M, sin P, S92 2¢ 4 3, sin P, 08 3y
tan v = . - --»-t13)
M+ sin 2v 51N 3?_
2 4M4 cos P4 2 s1n v T 9”5 €os Pﬁ 3 sin v
From (11) in a similar manner
‘ cCOos 2w , cos 3w
_2M‘ S1n P4 oS w + 3Mﬁ sSin PE coS w
tan w = . - . .« (14)
_s':in Tw sin 3w
M: = 4”4 cos P4 2 51n Ww T gMﬁ cos pﬁ 3 sin w

When the angles y and w have small positive or negative values as is

cos 2v cos 3v sin 2v sin 3v
— r etcr.

usually the case, the ratios cos v ' cos v’ 2 sin ¥ 3 sin %

are near unity ‘and may be taken as such without materially affecting
the results. Assuming unity for these ratios, equations (13) and (1l4)
may be reduced to the following forms-

M 1in P, + 3M n P
tan v = —— . ﬁif n e “17 T — « +« o« « « « (15)

M: + 4“4 cos F’4 + QME COS P‘5

l

-2M 1in P, + 3M in P
tan w — ‘ ‘Sln* ﬁﬂnu ----.-.{16)

M2 - 4M‘ cCOSs P4 + 9M, cos Pﬁ'




Formulas (15) and (16) have heretofore been the basis for obtaiming the
accelerations in the high and low waters in the computation of the mean
lunitidal intervals. They may be considered as essentially correct when
the angles y and w are small, say less than 10°, but when the angles are
larger, the omission of the factors which were dropped from formulas (13)
and (14) may have a material effect on the results.

Accelerations in M, due to either M, or M, acting alone may be readily
calculated as follows. Taking the amplitude of M, as unity and letting
R, and R, represent the ratios M,/M: and M /M, respectively, and with
other symbols as before, the equation of the compound wave consisting of
consatituents M, and M, may be written-

}l — COS at+ H4 Lo 4 F- (2ﬂt + P4} . = & &4 = & ®» & wu = = (17)

and for the compound wave consisting of constituents M, and'M, as

%

Y = CcO08 lt + Bﬁ Eﬂ'? (3&1: + Pﬁ) *+ = & & * * & ® % m @ (13)

the time origin in each case being taken at the M, maximum.

The shapes of the compound waves represented by the above equations
will be affected to a large degree by beth amplitude and phase relations
existing between the constituents. (See graphs), |

Values for at which will render (17) a maximum or minimum must satisfy
the derived equation

sin at + 2R, sin (2at + P =0 ... .. .. ... .(19)

_ Let v'/a and w'/a represent the accelerations in the times of the
sem1diur?nl high and low waters, respectively, due to the ﬁresence of the
M, constituent. Then, since the time nfigin of the equation was taken
at the M, maximum, the value of at in the derived e;qunt.imi wil! equal -+

for the high water and 180°-w' for the low water of the compound wave.
Subatituting_theae tn (19) |

sin (-v') + 2H1 sin (P‘-Zv')'= O+ ¢ v o v v o v v (20

sin {(180°-w') + Zﬂ‘ 2in (P‘-2"}-= 0 . . .. .. ... (21

From which
sin v'
sin {P‘-21')

:2“4 - .-.‘ * * 2 w w = -I - (22)

| ~81n w'!
s1n (P‘uzw')

I
B
=

A s e e e e e e . (23)



Althnuéh the above equations do not admit a simple direct solution for
v! and v', required values may be obtained by a system of trials and
approximations and table 1 has been prepared giving such values for dif-
ferent amplitude and phase relations. These values areexpressed in de-
grees of the semiditirnal wave and may be converted into solar hours by

the application of the factor 0.0345.

From a comparison-of equations (22) and (23) .it is obvious that the
high water mccelerations are applicable to the low waters if. the phase
difference isaltered by 180°. When P, is between 0% and 180°, the high
water acceleration due to M, is positive and the low water acceleration
1s negative. When P, is between 180° and 360°, thesigns of the acceler-
ations are reversed.

As long as the ratio R, does ot exceed 0.25, the compound wave will
remaln semidiurnal with a single waximum and single minimum during the
semidiornal period. When R, is .greater than 0,25, a secondary maximum
and minimom may appear with certain phase relations; and when R, exceeds
0.5, the compound wave becomes quarter-diurnal for all phase relations.
Critical values for at marking the first appearance of the secondary max-
ima and minima must satisfy not only the first derived equation (19) but
also the second derived equation-

cos at + 4R, cos (22t + P,) =0 , . . « . . . (24)
From (19) and (24)

tan at = 1/2 tan (2at +P,) . . . - . . . . . (25)
From which

tan Y(at + ¥P,) = —tan %P, . . . . . . . . .. (26)

Critical values of at corresponding to differeat phase relations may be
obtained from equation (26), and when subatituted in either (19) or (24)
will give the corresponding critical values for R,. Such values have
been compiled in table 3.

In computing the accelerations for table 1, no attention was usually
given to the secondary maxima and minima which are in general of less
amplitude than the principal maximum and minimum. However, when the phase
difference is 180° the time of the semidiurnal highwater remains unchanged
as long as the amplitude ratio does not exceed 0.25; but when the ratio
is greater than this, the high water is replaced by a secondary low water
flanked by two high waters of equal height, one being considered an ac-
celeration and the other a retardation in the original semidiurnal high
water. Thus :in table 1, the accelerations corresponding to the phase
difference of 180° may.be considered as either positive or negative.



For the compound wave (18) consisting of the constituents M

and M,,
the first derived’ equation for .maxima and minima is -

2

sin at + 3R, sin (3at +P) =0 ... . . . .. ... (27)

Letting v" and w" (expressed in degrees of the semidiurnal wave) represent”
respectively the high and low water accelerations due to M,, and substitut-
ing in (27), we have

gin (-v") + 3R, sin (P, - 3v*) =0 . . . . . . . . . (28)
sin (180° - w") + 3R, sin (P, + 180° -~ 3w") = 0. . . . (29)

From which

sin v"
— 3R . . . h e e e - » - = (30)
sin (P ~3v") ¢
- Bln'-:ﬂni------""‘(31)
sin (P -3w")

’
From a comparison of (30) and (31), it is apparent that the accelerations
due to M, for any phase difference ard the same for both high and low

waters. Table 2 contains the accelerations basedupon the above equations,
They are expressed in degreés oY the semidiurnal wave and are to be mul-
tiplied by the factor 0.0345 to reduce t~ solar hours.

As long as the ratio R, does not exceed 1/9, the compound wave will
remain semidiurnal for all phase relations, but when the ratio does exceed
this amount, two secondary maxima and two secondary minima may appear
with certain phase relations, and when the amplitude ratio exceeds 1/3,
the compound wavewill be sixth-diurnal for all phase relations. Critical
values for gt marking the first appearance of the secondary maxima and

minima must satisfy both the first derived equation (27) and also the
second derived equation

cos at + 935 cos (3at + P.) =0 .. ... .1(032)

Therefore
tan at = 1/3 tan (3at + P‘) e o o = « = « « (33)

From (33), two critical values for at differing by 180° may’ be obtained
for enich value of P, and the corresponding valune for R, then obtained
from either (273 or (32). Critical values corresponding to the principal

982152 O - 52 - 2



phase relations are included in table 3. In computing the accelerations
in table 2, no attention was usually given to the secondary maxima and
minima, but when the phase difference is exactly 180° and the amplitude
ratio greater than 1/9, there will occur two high waters of equal height
and two low waters of equal height, one of these high waters and one of
the low waters being accelerations and the others retardations from the
normal senldlurnnl.hlghnnd Jow waters. Thus the accelerations in table 2
- corresponding to a phase difference of 180° may be considered as either
positive or negative.

The combined effect of the M, and M, constituents acting together
may not be the same as the sum of their individual effects when acting
independently, largely because of the sensitiveness of the results to the
phase relations. However, in theapplication of tables 1 and 2, Spproxi-
mate values canbe obtained by first determining fromtable 1 accelerations
¥' and w' due to M, alone, and then taking the phase relation of M, to
‘the combined (M_+M ) wave as (P -3\*') for the high water and (P c~3%") fur
the low water, uslng these arguments' in table 2. The values fur11: and
=? thus found are then combined with v' and w' respectively to obtain
sccelerations v and w representing the combined effect of M, and M,. The
accelerations obtained by means of tables 1 and 2 do not in general differ
greatly fromresults derived from formulas (15) and (16), but on the whole
appear to be more satisfactory. The use of the tables is therefore rec-
omme nded.

The accelerations v and w, expressed in degrees of the semidiurnal
wave, having beendetermined, the mean lunitidal intervals maybe obtained
from the following formulas- )

H¥I (in hours) = (H; -v) x0,0345 . . . . . . . (34)

LWI (i hours) = (M2 £ 180° - w) x 0.0345 . . . (35)
These intervals will be e‘ither Greenwich or local according to whether
the ": epoch 1s referred to the Greenwich or local meridian.

Mean range of tide.-In the normal semidiurnal tide inwhich M, is the
predominating constituent, the approximate mean range equals twice the
amplitude of this constituent, or .'2hl,. The true range is a little larger
due to the effects of the other constituents including both the harmonics
of M, and constituents with incommensurable speeds.

Taking the accelerations inthe times of high and low water as v and
w respectively, the range of tide due to M, and its harmonics M, and M,
may be expressed by the formula-

M,(cos v + cos w) + M, cns.(P‘—2v) -~ M, cos (P, -2w)

+ M, cos (Pﬁ—3v) + M, cos (P ~3w)



= M,(cos v + cos w)
+ M, (cos 2v - cos 2w) cos P, T M, (sin 2v -~ sin 2w) sin P,

+ M,(cos 3v + cos 3w} cos P, + Mﬁ {sin 3v + sin 3w) sin PE ees (36)

= M, (cos v + cos w)
+ M,[cos (P,-2v) - cos (P,-2w)]

+ MEECGS (Pﬁ_SF) + cos (Pﬁ_Sw)] .............................. (37)

The increment tothe mean range of tide due toconstituents with speeds
incommensurable with that of M, may be expressed by the following formula
which is based upon a formula given inHarris’s Manual of Tides, Part III,
page 133, for the average value of the maxima ofa compound wave consisting
of a predominating constituent together with a number of smaller constit-
uents, The increment te the range of tide is twice as great as that for
the amplitude. Let the amplitude and speed of the predominating constit-
uent be represented byM; and m, respectively, and the amplitudes and speeds
of the smaller constituents by the general designations B and b. The for-
mula for the increment may then be written-

WM, Z(Bb) /M, m, ) L iiieiiiiiiieiiieieae e (38)

In the application of the above formula, it is convenient to place
the constituents 1nto three groups,- the lunar semidiurnals, the solar
semidiurnals, and thediurnals, because ingeneral the amplitude relations
of the constituents i1n each of the groups approximate to the theoretical
relations of their mean coefficients. For the first group the amplitudes
are expressed intheir relation to M,, for the second group in their rela-
tion to S,, and for the third group in their relation to (K,+0, ).

For the purpose of the above grouping formula (38) may be written
M, Z[(Bb)/ M m )]* + M (S, /M ) E[(Bb)/(S,m,)]?
HM, [ (K, 40 ) /M, 12 Z[(Bb) /(K40 )m,]%..... (39)

Using. the constituent speeds and coefficients given in Table 2 of
Special Publication No, 98, the following numerical values are obtained
for the summations indicated. Although K, is partly lunar and partly
solar, it is placed 1n the solar group asits amplitude isusually inferred
from S,.



10

lst group 2nd group 3rd group

N, 0,.0361 S, 1.0713 K, 0.0920
Nu .0014 K, 0.0797 0, . 0400
L, .0008 T, 0037 P, . 0099
2N 0006 R, . 0001 Q, 0014
Mu . 0005 Sum 1.1548 M, . 0003
Lambda _.0001 J, . 0003
Sum . 0395 00 . 0001
Rho . 0001

2Q . 0000

Sum 0-1441

Substituting:hlfurmuln (39) the above numerical values, we have for
the increment tothe mean range due tothe constituents of incommensurable
speeds-

0.020 M, + 0.577 (S,/M,;)? M, + 0.072 [(K,+0,)/M,]? M,
= M, (Table 4 + Table 5)....00vveeinincess..(40)
in which Table 4 = 0,020 + 0,577 (S,/M_)?..............(41)

and Table 5 = 0,072 [(K,+0,)/M, )%, ... ooivviennn . (42)

When computing the mean range of tide from the harmonic constants it has
been the practice toinclude the empirical factor 1.02 to take account of .
nenpredictable inequalities. Combining (37) and (40) and including the
empirical factor, we have for the mean range of tide.

Mn = 1.02 (cos v t+ cos w + Table 4 + Table 5) M,
+ 1.02 M4[cus (P‘—Zv) - COS (P*_Zw)]
+ 1.02 Mu[cns (Pﬁ-ﬁv) + cos (PE*BH)] e e eesasa e (43)

Spraing and neap range of tide.- Spring tides occur technically when
constituents M, and S, are in phase agreement, or approximately so since
this agreement exists for only an instant while consecutive high and low
waters occur several hours aparc. Similarly, neap tides occur when M, and
S, differ in phase by 180°. Except forrelatively small inequalities, the
equilibrium arguments of these constituents coincide at the times of new
and full moon but the constituents themselves do not conspire until some
hours later because of the phase lags.

Constituent Mu, also hasa contributing effect on the spring and neap
tides, Its speed is less than that of M, by the same amount that the lat-
ter 1s less than the speed of S,, and its equilibrium argument coincides
with that of S, at the timeszs of the new and full moon and also at the
quadratures, At the time ofspring tides when the phases of M, and S, are
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in agreement and also at the time of neap tides when these phases dif-
fer by 180°, the phase of Mu, will differ from that of 5, by an amount
equal to (2M;-S3-Muj;). The amplitude of the wave formed by constituents
S, and Mu, at the times of spring and neap tides is therefore equal to
[S + Mu,cns(?ﬂ —S"—Hu“)] The increase inrange at the spring tides and .
the decrease at the neap tides is approximately twice the amplitude of
this wave.

The formulas used for obtaining the spring and neap ranges of tide
are based upon the discussion in Harris’s Manual of Tides, page 144 in
Part III supplemented by a footnote on page 326 of Part I. In deriving
these fnrmulas the residual effect of S, as represented by the expression
#(s,/my) 2(8?2 ;/M,) or itsequivalent 0, 536 SE/M is first excluded from the
mean range uf t1de. To allow for other perturbations the amplitude of the
[S,tMu,cos (2M3-S3-Mu?)] wave is diminished by (0.02 + 0.04[ (K,+0,)/M,]%.
The completed formulas follow-

Sg = Mn - 0.536 S3/M,
+[S,#Mu,cos (ZM-S3-Mul) |x[1.96-0.08 (K,+0,)*/M3] . . . (44)
Np = Mn - 0.536 S3/M.

~[S,Mu,cos (2M3-S7-Mu3) Ix[1.96-0.08(K,+0,)*/M3] . . . (45)

Although the mean, spring, and neap ranges derived directly from
constants from different series of observations at a place may differ to
some extent, the ratios of the spring and neap ranges to the mean range
remain fairly constant and these ratios may be adopted as standard and
applied to the mean range as obtained from the most relisble source.

Perigean and apogean range of tide.- T'he increased range of tide

due to the nearness of the moon when in perigee and the decreased range
due to 1its greater distance when in apogee are known respectively as the
perigean and apogean ranges. 1he theoretical relations of these ranges
to the mean range of tide based upon the fact that the tide-producing
force exerted by the moon varies inversely as the cube of its distance.
from the earth may be expressed by the following formulas-

Po/Mn = 1/(1=e)}? = 1,18 . . v v ¢« « v o o o . . (486)

An/Mn = 1/(1+e)® = 0.85 . . . . v v v v v « . . (4T)

in which ¢ equals the eccentricity of the moon’s orbit with a numerical

value of 0,055,

The principal tidal constituents contributing to this inequality in
the range of tide are N,, L, and 2N. Digregarding small inequalities,
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when the moon is in perigee the equilibrium arguments of M,, N, and 2N
are in phase agreemeht while the argument of L, differs by 180°., When
the moon is in apogee the equilibrium arguments of M,, L, and 2N are in
phase agreement while the argument of N, differs by 180°. The speed of
L, exceeds that of M, by the same amount that the latter exceeds the
speed of N,, and the speed of 2N is less than that of N, by the same

- . l‘ - * -
amount, Allowing for parallax age and assuming ‘the theoretical relations

of the phase lags, the phase relations of these constituents at the times
of the perigean andapogean tides will be the same as that of their equl -
librium arguments when the moon is in perigee and apogee,

The compound wave formed by combining the above constituents with
the principal lunar constituent M, will then have an amplitude equal to
(M, +N,-L,+2N) at the time of the perigean tides andequal to (M,-N, &L, +2N)
at the time of theapogean tides. If the theoretical amplitude relations
of 1., and 2N to N, areused, the above expressions become (M, + 0.990 N,)
and (M2 - 0,724 N:) respectively, Assuming therelations of the perigean
and apogean ranges to the mean range to be equal respectively to the
relations of the above amplitudes to that of M,, and rounding out the
numerical coefficients for convenience, we have

Pn/Mn =1+ N/M, . . . . . . . . . . (48)

An/Mn =1 - 0,75 N,/M,. . . . . . . . (49)

From a number of tests made, the results obtained by means of the
above formulas did not differ materially from those derived from more
elaborate formulas heretofore used, and when comparisons were made with
the perigean and apogean ranges derived from high and low water observa-
tions the simplified formulas ina number of cases gave slightly improved
agreements.,
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Diurnal (K,+0 ) wave.- The diurnal .wave due to the lunar forces 1is
represented principally Dby constituents K, and O,, the periods of which
are such that they are inphase agreement nt the tlme of the tropic tides
and in opposite phase at the time of the equatorial tides, Similarly,
the sun tends toproduce a diurnal wave represented byconstituents K, and
P, which are in phase agreement at the time of the solstices and in op-
posite phase at the time of the equinoxes. Constituent K, is common to
both waves and is due partly to lunar and partly to solar forces. The
amplitude of the lunar diurnal wave varies froma maximum. equal to the sum
of the amplitudes of K, andO, at the time of the tropic tides toa minimum
equal to their difference at the time of the equatorial tides.

Comparing the equilibrium arguments of M,, O,, and lunar K,, the
following relations are obtained- |

Argument K, = K(Arg. M,) t (s ~£-90°) . . .. ... . (50)
Argument O, = K(Arg. M,) - (s - & -90°) . . . .. . . . (51)

Jt 18 to be noted that. the term %(Arg. Mi) in the above formulas is re-
- ferred to the upper transit of the mean moon and may not be the same as
one-half the numerical value of the argument M, when the latter, through
a rejection of 360°, hasbeen referred to the lower transit. It will also
be observed that the expression (s - § -90°) is equal to zero at the time
of maximum north declination of the moon and 180° at the time of the max-
1imum south declination.,

Equations of the K, and O, tides may now be written-

K, tide = K, cos [%(Arg. M,) + (s - § —90")—K;] . « o« « (52)
O, tide = 0, cos [%(Arg. M,) - (s - ¢ -90:)—0:] .« « » (53)
Let

p= (s— § -90°) K(K? —07) . . . . + o o o o . o (54)

Then P isa variable angle witha period corresponding to the tropical
month and its zero corresponding tothe time of the tropic tide occurring
at the maximum north declination of the moon, allowance being made for the
diurnal age of the tide.

Combining (54) with (52) and (53), we obtain-
K, tide = K, cos [¥(Arg. M,) %(K2+0?) +g] . . . . . . (55)

0, (56)

tide = 0, cos [%(Arg. M,) -%(K+0?) -g]
For brevity, let

B = X(Arg. M;) H(KJH03) . . . . . . . .. ... (57

r=0,/K,. . . . ¢ ..., - o - e o .. (58)
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Then combining (55) and (56), we have-

(K;+0,) wave = K, cos (B + f) + O, cos (B - 8)

Il

(K,+¥0,) cos P cos B - (K1'01) sin A sin B

(14r 3421 cos Zﬂ)% -1 (ler)
= (K,+0,) - — - a - o
(k,+0, fl41) cos [B+tan (1te) tan f#]

C (K,40,) cos [K(Arg. M,) K(K2+02) + x] . . . (59)

in which
c _(+rH2r cos 2p)*

+
-%1(ilr)

(1+r)

In general, the amplitude of O, 1s less than that of K, with the ratio r
not exceeding unity. However, if the amplitude of O, is greater than K,
and r is taken as the reciprocal of O,/K,, the above formulas and tables
will stil] be applicable except that the sign of the tabular value of x
in table 7 will be reversed. Formula (59) is the equation of a diurnal
wave 1n which the amplitude and phase lag varies throughout the tropical
month. The coefficient C has a maximum value of unity when @ equals O°
or 180° and _a minimum value of (K~0,)/(K,+0,) when # equals 90° or 270°.
The phase lag is represented by [%(K:+D§)-x] which has an initial value
of X(KJ+07) at thetime of the tropic tides. In theforegoing expressions,
the epochs K7 and O} must differ by less than 180°, otherwise they must
be made comparable by adding 360° to the smaller.

- Tﬂhle 6 ] . . . . . . - - . (60)

X = tan

tan § = Table 7. . . . . . . . . . (61)

In order that the tropic tides corresponding to the north and south
declination of the moon may be comparable, it is necessary to refer them
alternately to the upper and lower transits as the moon changes from ohne
declination to the other. For the purpose of identification, the upper
transit at the north declination and the lower transit at the south dec-
lination are called "a" transits, while the lower transit at the north
declination and theupper transit at the south declination are designated
as "b" transits. In computing x by formula (61), it will be noted. that
two values differing by 180° may be obtained for each value of #. By
taking all values of x in the 1lst or 4th quadrants, as has been done 1in
table 7, all corresponding phase lagswill be referred tothe "a" transit,
the reference being tothe upper transit when # is inthe lst or 4th quad-
rants and tothe lower transit when @ 1s in the 2nd or 3rd quadrants. At
the critical values of 90° and 270°, the reference maybe to either upper
or lower transit, and if at these times theratio r 1s unity, the amplitude

of the diurnal wave is reduced to zero.
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Combination of diurnal and semidiurnal wave.- In the following dis-
cussion the speed of thediurnal wave will be assumed to be one-half that
of the semidiurnal wave. If this 1s only approximately true, the results
may stil]l be applicable to a single cycle of the compound wave, but with
an understanding that insuccessive cycles the phase relation between the

two component waves will be continuslly changing.

Let ¢t = time reckoned for convenience from a high water of the semi-
diurnal wave:

a and 2a, the respective speeds of the diurnal and semidiurnal waves;
Y, and y,, the respective ordinates referred to mesan water level,

Taking the amplitude of the semidiurnal wave as unity,

Let R = ratis of diurnal wavé amplitude to that of the semidiurnal
wave;

Let P

i

high water phase difference, this difference being the phase
of the diurnal wave corresponding to the semidiurnal high
water that 1s taken as the time origin. Since the diurnal
wave period includes two semidiurnal high waters, the phase
difference, expressed 1in degrees of the diurnal wrave, must
refer to the one specified.

Equations of the two waves and their combination may now be written
as follows-

Il

Y, COS 28 & &+ 4+ 4 4 4 e e s e+ « « (62)

y, = Rcos (at +P}). . . . .., . ... (63)

L 5

Y = Y:+Y1 - CcDs 23t + B CO5 (Ht + P)I- (64)

By plotting equation (64) with different values for R and P, different
types of tide maybe 1llustrated. When R issmall, the tide is distinctly
semidiurnal with very little diurnal inequality in either high or low
water heights, As R increases, the diurnal inequality increases, this
1nequality being unequally manifested inthe high and low waters depending
upeon the phase difference P. The increase in the diurnal inequality is
marked by a lowering of the lower high water and a raising of the higher

low water until these twotides finally merge together and disappear, the
tide then becoming diurnal.

The times of the high and lowwaters of the compound wave represented by
equation (64) must satisfy its first derivative when equated tozero, thus

2 sin 2at + R sin (at+P) = 0 . . . v v & v v v v v v . . (65)

982152 O - 52 - 3
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The times when the lower high water and higher low water merge must sat-
1sfy also the second derivative equatéd to zero, thus

4 CO05 2&t + H COSs (at+p) = 0 + & € ¥ B ® & & @ . e 0w (66)

From (65) and (66)

% tan 2at = tan {at+P). e Y

which may be reduced to the form

Tandat = can P . . v v v v v « v v o« u . .« + + . « (58)

Values of at obtained for different values of P in formula (68) may then
be substituted in (65) or (66) to obtain the corresponding critical values
of R which determine when the tide will change fromsemidiurnal todiurnal.
These critical values are given in table 3 for each 15° of P. When P
equals 0O° or 180° and the two low waters are of equal height, beth low
waters will merge with the LHW to form a single low water, and when P
equals 90° or 270® and the two high waters are of equal height they will

merge with the HLWhtn form a single high water,

When the rati1o R 1s less than 2, the compound wave will be semidiurnal
for all values of P, and when R 1is greater than 4, the compound wave will
be diurnal for all values of P. When R has a valve between 2 gnd 4, the
compound wave may be either diurnal or semidiurnal depending upon the
phase relation P,

In general. the predominating constituent in the semidiurnal wave is
M, while the diurnal wave consists primarily of constituents K, and O,
uniting in different phase relations throughout the tropical month, Al-
though both the semidiurnal and diurnal waves are being continually mod-
1fied by the presence of other constituents, the effects of the latter
sre to a large extent averaged out over & long period of taime. If we
consider only the three principal constituents at this time, the ratio R
of the preceding discussion will equal (K,+0,) /M, at the time of the tropic
tides and C(K,+0,)/M, at other times during the month; and the phase dif-
ference P expressed in degrees of the diurnal wave will equal %(M;—Kf—ﬂ;)
at the time of the tropic tides and %(M;-K7-07) +x at other times during
the month, For brevity, the ratio (K,+0,)/M, will bewritten "KO/M", and
the phase difference %(M;-K7-07) will be contracted to "MKO".

Acceleration in semidiurnal tide due to diurnal wave.- The times of
the high and low waters of the semidiurnal wave may be accelerated or
retarded, that is to say, made to occur earlier or later, because of the
presence df thediurnal wave. A retardation will be considered as a neg-
ative acceleration. There are two high waters and two low waters of the

semidiurnal wave which occur within a single period of the diurnal wave
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and each of these may be affected differently by the diurnal wave. There-
fore, there should be 4 values fortime (t) or angle‘(at) which will sat-
isfy the derived equation (65), provided R and P are within the critical
limits for a semidiurnal tide. For convenience of identification, the
high water corresponding tothe maximum of the semidiurnal wave taken for
the time origin will be called the "1st high water” and the succeding
tides designated as "Ist low water", "2nd high water", and "2nd lowwater”,
respectively.

Values of at corresponding to the two maxima of the semidiurnal wave
are 0° and 180° and those corresponding to the two minima are 90° and
270°, Letting the accelerations due to the presence of the diurnal wave
be a', a", b', and b", respectively, all expressed in degrees of the di-

urnal wave, the values of at corresponding to the maxima and minima of
the compound wave are (0°-a'), (180°-a"), (90°-b'), and (270°-b"). Sub-
stituting these values successively inequation (65) and reducing tosimple
forms, we obtain-

2 Ein 23' —_ H Bin (P"'ﬂ') - - - - - - . - . v - - - . - > -(69)
2 sin 2a" ==R sin (P-a™)} . . . . . ¢ ¢ ¢ ¢« 4 4 4 « o « « .£70)
2 sin 2b' =R cos (P=b') . v & ¢« &« & ¢ 4 ¢ ¢ v v = = « « (71)

2 Sin 2h“ = F“ COS (P_b“) ™ - » - - - ) - . - - - . v " ) 1(72)

Equations (69) to (72) are similar in form and a set of numerical
values derived from one will be applicable to all with a suitable allow-
ance in the argument P. They do not admit of a simple direct solution,
but by a system of trials and apprqximations, numerical values have been
obtained which are included in Tables 8 and 8a, the first containing ac-
celerations for the HHW's and LLW's, and the latter theaccelerations for
the LHW's and HLW's. In either case the phase difference P is used as
the argument when obta»ning the high water accelerations but this argu-
ment is to be changed by 1 90° for the low water accelerations. Tables
8 and 8a are expressed in degrees of the diurnal wave. Corresponding
values reduced to solar hours are given an tables 9 and 9a.

Tropic lunitidal intervals.- The intervals pertaining to the tropic
tides may be obtained by applying the accelerations from tables 9 and 9a
to the mean intervals from formulas (34) and (35). As arguments for enmn-
tering these tables, the amplitude ratio may be taken equal to. KO/M as
2 sufficiently close approximation, but for the phase.difference the ef-
fects of M, and M, on the semidiurnal wave should be included. These
effects are represented by the accelerations ¥ and w in the times of the
high and low waters, respectively. Including these accelerations, which
are halved for expressing in degrees of the diurnal wave, the phase dif-
ference arguments for the tropic-tides become MKO-%v for the high water
and MKO-%w190° for the low water. Using the arguments indicated in the
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tables, the tropic intervals may be expressed by the following formulas-

TcHHWI = Mean HWI — HW acceleration, table 9 . . . . . . . . (73)

TeLIRI = Mean LWI - LW acceleration, table 9 . . . . . . . . {(74)
TcLHWI = Mean HWI - HW acceleration, table 9a. . . . . . . . {75)
TcHLWI = Mean LWI -~ LW acceleration, table 9a. . . . . . . . (76)

Assuming that the mean HWI in hours is approximately equal to M ./29,
the tropic HHWI will]l be referred to the "a" transit and the tropic LHHJ

to the "b" tramsit when the phase difference MKO-¥v is in the lst or 4th

quadrants; otherwise the transit reference will be reversed. If this phase
difference is exactly 90° or 270°, the two high waters will be of equal
height, one being accelerated and the other retarded. The accelerated

time corresponding to the 90° argument or the retarded time cnrreﬁbnnding
to the 270" argument will be referred to the "a" transit, the other high
water 1n either case being referred to the "b™ tramsit. If the mean HWI

differs by approximately 12 hours from M};/29, the above high water refer-
ences will be reversed.

ﬁssunlng that wean LWI is approximately equal to (H"+180 }/29, the
tropic LLWI will be referred to the "a" transit and the tropic HLWI vo.
the ';;" transit when the phase difference MKO-%w is in the Ist or 2nd
quadrants; otherwise the transit reference will be reversed. If this phase
difference is exactly equal to 0° or 180°, the two low waters will be of
equal height, one being retarded andthe other accelerated. The retarded
time corresponding to the 0° difference or the accelerated time corre-
sponding to the 180° difference will be referred to the "a" transit, ‘the
other low water ineither case being referred to the "b" transit. If the
mean LWl differs by approximately 12 hours from (MJ+180°)/29, all of the

abnre low water Teferences will be reversed.

The "b" intervals canbe referred to the "a"™ transit by the addition

or subtraction of 12.42 hours, and for the purpose of uniformity it 1is

recommended that all tropic intervals be referred to the "a" transit.

The average of the Lunitidal intervals pertaining to the higher high
waters or to the lower low waters over a period of a month or more 1is
known as the mean higher high water interval or mean lower low water in- .
terval. Such averages, however usually include intervals referred toboth
"a” and "b" tramsits, the mean being marked according tothe reference at
the time of the tropic tides. The incongruity of including in the means
intervals referred todifferent transits. serves Lo obscure any definition
of the quantities and therefore no attempt 1is made here to derive them
from the harmonic constants.

Maxiwum and minimum heights of compound wave.- By substituting in
formula (64) the values of at corresponding tothe times of the maxima and
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minima, the corresponding heights of the high and low waters may be ob-
tained, these heights being referred tothe mean water level. Let H' and
H" represent the heights of the lst and 2nd high waters, and L' and L"
the heights of the lst and 2nd low waters. The values of at correspond-
ing to the times of these heights are (0°-a'), (180°-a"), (90°-b'), and
(270°~b"), respectively. Making the substitutions in formula (64) and
reducing, we obtain-

H':CDSZH'-'-REES(P_H')'"'"""'..'-'(77)

H'I'l

cos 28" = Rcos (P=a") . . . . . . ¢ . oo o o o . o (78)
L. ——CO0s 2b' -— H Sin (P—b'} * % % = ® ® =& 4 » W & » & = = (79}

L" =cos 2b" + Rsin (P-b") . . . . . . . . . . . . . . . (80)

In the above formulas the amplitude of the semidiurnal wave 1s taken

as unity and the values obtained are to be used as factors to be applied
to the actual amplitude of the semidiurnal wave, the average magnitude
of the latter beingapproximately the amplitude of constituent M,. Factors
for the higher high waters aregiven by formula (77) when P is in the 1lst
or 4th quadrant dnd by formula (78) when P is in the 2nd or 3rd-quedrant,
while factors for the lower high waters are given by the same formulas
when P is in one of the opposite gquadrants. Factors for the lower low
waters are given by formula (79) when P is in the 1lst or 2nd quadrant and
by formula (80) when P is 1in the 3rd or 4th quadrant.  Factors for the
higher low waters are given by the same formulas when P 13 in one of the
opposite quadrants, The high water factors, however, are applicable
to the low waters i1f the phase difference is changed by 90° and the sign
of the factor reversed. Factors intable 10 are applicable to the higher
high and lower lowwaters, and factors in table 10a are applicable to the

lower high and higher low waters.

Sequence of tide.- The sequence in which the HHW, LHW, HLW, and LLW
occur will depend upon the phase difference P in the above formulas. The
order of occurrence isshown in the following table. In certain cases the .
two high waters or the two low waters will be of equal height. and these .
are indicated by the asterisk (*) inthe table., There arealso shown which
tides are accelerated and which ones are retarded, the accelerated tides
being marked by the plus (+) sign and the retarded tides by the minus {(-)
sign, while a (o) i1ndicates no change in time due to the diurnal wave.

P H* L' H" - L®
0° : LW* - : LHW o : LW* +

: HHW o

lst quadrant : HHW + : LIW — : LHW - : HLW +
90 ° : HW¥* + : LLW o : H¥* - : HLW ¢
2nd quadrant : LHW + : [LW + : HHW . : HLW -
180° : LHW o - LW* + : HHW o : L¥* -

3rd quadrant : LHW — : HLW + : HHW + : LLW -
270° : HW* — : HLW o : H¥* + : 1LW o

4th quadrant : HHW — : HLW - : LHW + : LLW +
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Height inegunliltieg:_— The tropic high water inequality (HWQ) is the
difference in the height of the two high waters of the day at the time
of the tropic tides, and the tropic low water inequality (LWQ) is the
corresponding difference in height of the two low waters. The mean diur-
nal bhigh water inequality (DHQ) is the difference in height between the
mean of all higher high waters and the mean of all high waters over a
period of a month or more and is therefore one-half the difference between
the mean of the higher high waters and lower high waters. Similarly, the
wmean diurnal lowwater inequality (DLQ) is thedifference between the mean
of the lower low waters and of all low waters, or one-half the difference
between the mean lower low and the mean higher low water. Table 11 con-
tains diurnal inequality factors derived by differences from tables 10
and 10a. The tabular factor multiplied by the amplitude of the semi-
diurnal wave will give the difference between the higher high and lower
high eor between the higher low and lower low water. For the low water
inequality, the phase difference is taken 90° different fromthat used for
the high water inequality. With certain phase relations, the height in-
equalities maybe modified by the presence of constituent P, the effects
of which are not included in the factors of table 11 but will be given
further consideration.

Relation mean tide level tomean water level.- Although for practical
purposes themean tide level obtained byaveraging the heights of the high
and low waters isoften taken as the approximate equivalent of mean water
level derived from the hourly heights of the tide, the two datums may at
times differ as -much as a tenth of a foot or more. The two principal
causes contributing tothis difference are the harmonic M, and the diurnal
wave represented by constituents K, and O,.

For theeffect of M,, let P, = phase relation (2M;-M]), andv' and w'
the accelerations in the semidiurnal high and low waters, respectively,
due to the presence of M,. Considering only the principal semidiurnal
constituent M, and its harmonic M,, the resultant high and low waters re-
ferred to the mean water level may be expressed as fqollows-

HVW = Mycos v' + M, cos (P,-2v') . ., . . . . ... ... . (8])

LW =M, cos w' + M, cos (P,-2w') . . . . . . . ... . .. (82)
Then for the elevation of mean tide level-

K(HWHLW) = M _(cos v'-cos w')

+ M, cos (v'—w') cos (P,~v'ww') . . . . . . . . .. + . . (83)

As v' and w' are usually small with opposite signs, the above may be re-
presented approximately by the simplified expression-

X(HWHLW) = M, cos P, = M, cos (2M;-MJ). . . . . . . . . . (84)
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It will be noted that (84) is positive with anupward displacement of
mean tide level when (2M;-M7) is inthe 1lst or 4th quadrants, and negative
with a downward displacement when this phase difference 18 in the 2nd or
3rd quadrants. +

For the effect of the diurnal wave, let R and P represent respective-
ly the amplitude ratio and the high water phase difference between the
diurnal and semidiurnal waves. The elevation of mean tide level above
mean water level due to the presence of the diurnal wave may then be ex-
pressed by the following formula-

i (HHWHLHWHHLWALLW) = ~1/16 M, R* cos 2P . . . . . . . . . (85)

For the tropic tides, R may be taken as approximately equal to KO/M
and P equal to MKO. At other times during the tropical wmonth, the ratio
R will be modified by the factor C from table 6 and the phase relation P
will be modified by the difference x from table 7, these modifications
depending upon the ratio O,/K,. If this ratio is taken as 0.7 in accord-
ance with the theoretical coefficients of the constituents, 1t will be
found that the mean value of formula (85) for the entire month is 0.485
times its value at the time of the tropic tides. Making the necesasary
substitutions, we then have for the mean displacement of the mean tide
level due to the diurnal wave the following-

i (HHWHLHWHHLWHLLW) = -0.030 M, (KO/M)? cos 2(MKO)

1§

~0.030 (K, +0,)(KO/M) cos 2(MKO) . . .(86)

Although the numerical coefficient in the above formula 18 based upon an
assumed ratioc of 0.7 for O,/K,, 1t may be used without material error when
0,/K, or itsreciprocal has any value between 0.5 and 1.0. The following
.schedule gives the coefficients corresponding to different ratios for
0,/K, or its reciprocal, the ratio being followed by the coefficient in
parentheses; 0,0 (0.000), 0.1 (.009), 0.2,(.017), 0.3 (.022), 0.4 (.026),
0.5 (.028), 0.6 (.029), 0.7 (.030), 0.8 (.031), 0.9 (.031), 1.0 (.031).

Combining (84) and (86) 1nto a single formula toinclude the effects
of both disturbing influences, we have-

MTIL-MWL = M, cos (2M3-M2) — 0.03 (K,+0,)(KO/M) cos 2(MKO) . .(87)

Effect of P,.— The principal solardiurnal constituent P, has a speed
that 18 1ncommensurable with that of the lunar diurnal wave and for this
reason 1ts effects on the latter may be expected to be averaged out to
considerable extent i1n a series of observations extending over a year or
more. However, since in the tabulations of the observation the HHW’s,
LHW’s, HIW’s and LLW's are selected according to their actual relative
heights rather than by the theoretical sequence of occurrence, the mean

height of any group may be affected when the awmplitude of P, is suffi-
ciently large to reverse the sequence.
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The following is based upon a discussion inHarris’s Manual of Tides,
Part III, pages 145-146. For convenience, reference is made to the high

waters and tothe high water inequality but the discussion applies equally
well to the low waters and the low water inequality.

let Q' = difference HHW-LHW due to lunar diurnal wave {table ll)J
Q = corresponding difference including P, effect
L =Q'/'2P1. .ThenQ"‘*“—‘.‘ZPlL..............(33)

When L is greater than unity, Q' then being greater than 2P,, the latter
cannot cause a reversal inthe order of the twohigh waters and their mean
heights and inequality will be unaffected. When L is less than unity, a
reversal may or may not take place depending upon the phase relation be-
tween the solar and lunar waves at the time, this phase relation changing
continually throughout the tropical year.

lLet X = phase of P, at the time of one of the semidiurnal highwaters.
The phase of P, at the following semidiurnal high water will then be ap-
proximately (X+180°). One of these high waters will then be increased in
height by P, cos X and the other lowered by the same amount, the diurnal
inequality that P, tends to introduce being 2P, cos X. When X = cos 'L,
this inequality equals 2P L or Q'. The P, inequality, always taken as
positive, will therefore exceed Q' when X falls between the limits 0° and
+ cos 'L or between the limits 180° and 180°+cos 'L, and will be less

than Q' during the rewainder of the cycle.

Th: average value of cos X between the limits X=0 and X=ces 'L is
(1-L2)”/cos "L withcos 'L expressed in the radienunit. The average P, in-
equality during the period that it exceeds ' is therefore 2P1(1—L’) /coa 1L,
and during this period in which the P, inequality predominates over the
lunar inequality, the latter may be considered as being approximately
averaged out. For the remainder of the cycle, the Q' inequality predom-
inates with the effect of P, averaged out. The respective weights to be
given tothe two parts to obtain a mean for the entire cycle are 2 cos™ L
and (-2 coa 'L). The mean inequality corrected for P, may then be
written-

Q=1/%[4P,(1-L)%+ Q' (-2 cos™L)]. . . . . .. ... (89)
in which cos-'L is expressed in the radian unit.

Transposing, combining with (88), and expressing cos 'L in degrees,
the following may be cocbtalned-

Q=0"+ 2P, [(2/7)(1-L?)%- (1/90) L (cos™'L)"]
= Q' + 2P, [0.6366(1-L?)*% _0.0111 L (cos*L)"]

=Q'" + 2P, x table 12 . . . . . . . ¢ .t 4 v a0 e . o(90)
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in which
Table 12 = 0.6366 (1-L?)% ~0,0111 L(cos™*L)° . . . . . . (91)

Thus, the inequality is increased by an amount equal to the product
of 2P, and the table 12 factor, the height of the HHW beihg increased and
that of the LHW diminished by P, x table 12,

The formulas and tables are also applicable tothe low water inequal-
ity by letting Q' and Q represent the corresponding differences in the
low water heights, In this case the height of the LLW will be diminished
and that of the HLW increased by the product of P, and table 12.

It will be noted that since the amplitude of the lunar diurnal wave
varies throughout the tropical month, the relative effect of P, will also
vary and be greatest at the time of the equatorial tides when the amplitude
of the lunar wave is a minimum. Based upon thetheoretical coefficients,
the amplitude of P, is 0,193 times the amplitude (K,+0,) for the tropic
tides and 1.145 times (K,-O,) for the equatorial tides,

Tropic heights and inequalities.- By using the theoretical relation
of P, to the amplitude of the lunar diurnal wave at the time of -the tropic
tides, the inequality fectors in table 1} may be modified by means of
formula (90) to include the P, effect. For the tropic tides the ratio
argument in table 11 is approximately KO/M, with theamplitude of M, taken
as unity. The corresponding value of 2P, for each line of the table 1is
then obtained bymultiplying the argument by the factor 0,386. Comparing
these valyes of 2P, with the tabular values, which represent the quantity
Q' of formula (88), it will be found that only in the last two columns
the tabular values are less than 2P, and therefore these will be the only
columns affected., The factors in these columns have been corrected by
means of formula (90) and the corrected values incorporated in table 1lt,
the latter table being designed for the computation of the tropic inequal-
ities, In using this table the ratio argument may be taken as KO/M, and
the phase difference asMKO-X%v for the high water inegquality and MKO-%w190°
for the low water inequality, the factor itself then being multiplied by
the amplitude of M,. These inequalities may then be expressed by the
following formulas-

HWQ = M, x (H¥ factor, table 11l-t) . . . . . . . . . . .(92)
LWQ = H: x (LW factor, table 11-t). . . . . . . . . . . (93)

Table 10 for the heights of the HHW and LLW may also be modified for
the effects of P, at the time of tropic tides by adding to the tabular
value one-half the correction used 1i1n modifying table 11, the last two
columns only being affected. All columns of table 10 are carried to an
amplitude ratio of 4.0 although the tide may become diurnal with certain
phase relations after the ratio exceeds 2.0. The P, correction is based

. - L] = - ] 1 L] L
upon an inequality relation which vanishes when the tide becomes diurnal.
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However, for the phase relation of 90° and its multiples, the tide con-
tinues to besemidiurnal up tothe amplitude ratio of 4.0 and computations
of the P, corrections for the last column of the table were made accord-
ingly. For the phase relation of 80°, the tide becomes diurnal at approx-
imately the amplitude ratio of 2.7. Above thisratio the P, effects were
1nferred from other considerations, The modified factors have been incor-
porated in table 10t which 1s designed for the computation of the height
of the tropic HHW above mean water level or the,depression of the tropic
LLW below this daetum, the same arguments being used as for table 1lt.
If the heights of LH¥ and HLW are desired, they may be obtained by applying
the tropic inequalities to the heights of the HHW and LLW. Formulas for
the tropic heights as referred to the mean water level are as follows-

TcHHW = M, x (HW factor, table 10t) . . . . . . . . . . (94)

TcLLW =M, x (LW factor, table 10t) . . . . . . . . . . (95)

TcLHW = TcHHW - HWQ . e ),

TcHLW = TeLLW + IWQ . . . . . ., . .

e 01

Mean heights and inequalities.- Table 13 contains factors which are
tobemultiplied by (R1+015 to obtain the mean diurnal inequalities. The
factors include the effect of P,. The amplitude and phase relation between
the diurnal and semidiurnal wave continually change throughout the tropical
month and the factors in table 13 were derived from the basic factors in
table 11 with arguments modified for the different times of the month by
means of tables 6 and 7. Corrections for P, were obtained from table 12.
The factors were first computed for an assumed ratio of unaty for KO/M,
and by checking were found toapply approximately for other values of this
ratio. It isbelieved that the factors can be used without important error
up to a ratio of 4,0 for KO/M. Although the tropic tides may be diurnal
when KO/M hasa value between 2.0 and 4.0, the tideduring a large portion
of the remsinder of the month may be expected to be semidiurnal. A mean
diurnal inequality covering a period when the tide is partly diurnal and
partly semidiurnal, does not have the same significance as ome including
only semidiurnal tides but may be used as a step in the computation of

the HHW and LLW heights.

If the amplitude of O, is greater than K, the ratio K,/0;, 1instead
of O,/K, may be used as the argument in entering table 13. The phase
relation P is to be taken as MKO-%v for the high water inequality and as
MKO—{w190° for the low water inequality. The mean inequalities may then
be expressed by the following formulas-

DHQ = IK1+UI) x (H¥ factor, table 13). . . . . « « « . . (98)

DLQ (K,40,) x (LW factor, table 13). . . . . . . . . ._(99)
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The mean heights of HHW, LLW, LHW, and HILW may be obtained by com-

bining the mean inequalities with the half range of tide and including
the differ?nce (MTL-MWL) for reference tomean water level., These heights
may then be expressed by the following formulas-

MEH“ HHW == % Mn +' DHQ + (MTL—MWL) ' e = e ® B ® & w o * = (100)
Mean LIW =-%Y Mn - DLQ + (MIL-MWL) . . . . . . . . . . . {(101)

MEH“ L.Hw = % Mn — DHQ + (MTL—MWL} *® & & = = & * & L (102)

MEHH HLW =—% Mn + DLQ + (ML—WL) s s v s w s e e s e (103}

Diurnal tide.- When the ratio KO/M exceeds 4, the tide may be con-
sidered as predominatingly diurnal and will be treated as such., Taking
the diurnal wave amplitude as unity, let- |

R' = (semidiurnal wave amplitude)/(diurnal wave amplitude;
d = acceleration in diurnal] H¥ due to semidiurnal wave
d' = acceleration in diurnal LW due to semidiurnal wave

Both d and d' are expressed in degrees of the diurnal wave. Let other
symbols represent the same quantities as previously, P being the phase of
the diurnal wave corresponding toone of the high waters of the semidiurnal
wave. To avoid an ambiguity arising from the fact that there sare two
semidiurnal high waters within the period of the diurnal wave, the dif-
ference P will bereferred tothe first highwater following the "a"™ transit
of the mean moon. With this reference, P at the time of the tropic tides
will equal MKO. Taking the high water of thediurnal wave as the time

origin, the equation of the sum of the two waves may be written-
y = cos at + R'" cos (2at-2P)}. . . . . v ¢« & ¢« &« « « « o » (104)
and its first derivative equated to zero is as follows-

sin at + 2B' sin (2at-2P) = 0 . . . . . v v 4 e o o « « » {105)

Substituting successively in (105) values of at corresponding to the high
and low water of the compound wave, these being (0°-d) and (180°-d'),
respectively, we have

Sin d =“2H' Ein {2P+'2d) + 8 B+ A B 4 & W @ B B B & ® & @ llﬂﬁ)

sin d'= 2R’ sin (2P+2d")}. . & ¢ . s e 4 d o s e e s s a o« (107)
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Yalues for acceleration d from equation (106} are compiled in table
14 and corresponding values expressed in solar hours are given in table
15, the arguments for entering these tables being R' and the phase dif-
ference P. These tables may be used also for the low water acceleration
d' by taking the phase difference argument as P+90°.

The high and lowwater heights of the compound wave may be expressed
by the following formulas, the amplitude of the diurnal wave being unity
and the heights being referred to the mean water level-

Hw = COS d + H' CCOs [2P+2d) + & & & € & & = » = - (108}

LW =.cos d'+ R cos (ZP+2d'). . . . . v + v v +v v o o « « (109)

High water factors from formula (108) are compiled in table 16. The
same table may beused for the lowwater factors of formula (109) by taking
P+90° as the phase difference argument and applying the negative sign te
the tabular value.

Iropic diurnal intervals.- The tropic high water interval of the

diurnal wave expressed in hours and referred to the "a" transit equals

K(K]+07)/14.492, or 0.0345(K;+07) and the low water interval referred to
the same transit equals 0.0345(K;+07) £ 12,42 hours, In the above ex-
pressions, K} and O] must differ by less than 180°, the smaller one being
increased by 360°% if necessary. To these intervals there are to be ap-
plied the accelerations due to the semidiurnal wave which are given 1in
table 15, using as arguments R' = M,/(K,+0,) and P = MKO for high water
and MKO+90°® for lowwater acceleration, The correctedintervals expressed
in hours are given by the following formulas-

Te diurnal HWI = 0.0345{K:+0:)-(Hw accel. table 15) . . . .(110)

fl

Te diurnal LWI = 0.0345(K7+07)-(LW accel. table 15)%112.42 .(111)
From an examination of table 15 it will be noted that the high and low
water accelerations for any value of P will have opposite signs. When P
is in the lst or 3rd quadrants, the high waters will be retarded and the
low waters accelerated thus lengthening the duration of rise, and when P
is in the 2nd or 4th quadrants, the high waters are accelerated and the
low waters retarded thus lengthening the duration of fall.

Tropic diurnal heights.- Table 16 contains factors which, whenmulti-
plied by the amplitude of the diurnal wave, will give the heights of high
and low waters referred to the mean water level. For the tropic tides
the amplitude of the diurnal wave may be taken as (K,+0,), argument R’

equal to ME/(KI'*{]I), and phasedifference P equal to MKO for the HW factor
and MKO190°® for the LW factor. The tropic heights are then expressed by
the following formulas-

Te diurnal H¥ = (K,+0,) x (HW factor, table 16) . . . . (112)

Te diurnal LW =—(K,+0,) x (LW factor, table 16) . . . . (113)
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Mean diurnal heights.- Table 17 contains factors which, when multi-
plied by (K, +0,), are designed togive the mean diurnal high and low water
heights as referred tomean water level. The table 1sapplicable when the
tide is predominatingly diurnal, and during portions of the month when the
tide may become semidiurnal only the HHW's and LLW’s are taken intoaccount.
Table 17 has been prepared from the basic factors contained 1in tables 10
and 16, using arguments modified fordifferent times of the month by means
of tables 6 end 7. In the preparation of the table, the ratio O,/K, was
taken at its theoretical valuve of 0.7 but the table 1s applicable without
material error for other values of this ratio, The effect of P, will
vary throughout the month and there has been incorporated in table 17 an
empirical adjustment, based upon comparisons with observed data, to take
account of the effects of P, and other unknown elements. The arguments
to be used in entering table 17 are R’ = M,/(K,+0,) and P = MKO for HW
factor and MKO+90° for LW factor. Formulas for the mean diurnal heights
follow,

Mean diurnal HW = (K,40,) x (HW factor, table 17) . . . . (114)
Mean diurnal LW =—(K1+01) x (LW factor, table 17} . . . . {(115)

Form 180.- This form based on the preceding discussion has been de-
vised to facilitate the computation of certain non-harmonic tidal constants.
It 1s designed to take care of three classes of tides; semidaily tides
with relatively small diurnal inequality, semidaily tides with large di-
urnal inequality and daily tides for which the ratio of K1+01 to “z 18 4
or more, An example of each class 1s given on the following three pages.
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Form 159
DEPARTMENT OF COMMERCE
COAST AMND GEQDRETIC SURVEY
{Rav. Nov, 1id8})

TIDES: HARMONIC CONSTANT REDUCTIONS

Station .._____ Pensacale, Flarida . e eemmeeammmenaamenoanne Lat, 307 2422 N... Long.871°_ 1218 W.

Length of series __... 369.. ... days. Series begins 1939-1-1-0.._... Source of constants ... U.S. C. & G.S......_

E v Analysis
Epochs and intervals referred to Local meridian. Heights referred to mean water level.
Hartonic constanty 27 | M- (25 o e e e e Mmh1
11 gy (28) | MI—-(M)=180°._ . ______._. cmemmfammnmaeo o |) {08) | Table 118, args. {1, (56 _{. . .
Ky D44 x| 328 | o0 | Mwi-00sasxeen [ M_ (67 | Table11e, argn. Y 5D o
O [...0. 42 Jlor_____. ...320___. 30y | LWI=o.0345%e28_ . b (8%) | Table 10t,args (7}, (56)......___ |
P |- Dald e 329 | Mean range (69) | Table 10t, arga. (1, (81)_oooooo |
P S P T 31) | Comvmeon (250 . .ooioeen] o (70) [ HEWQuMc@®) .. |
8g..._.__ D02 Hepo .. 2. (32) t Coswmecos (28)_ __.__. SR DU (71 | LWQe MaX{67) o oo oL
Mioo ... GOLDT HmMe L 358 .l (33) ] Tabled, arg. (3. eecacmcmemeeal] (T | TeHAW =M (880 oo
.Y PR PO N ¢ I FU (34) | Table 5, 8rg. (Moo oo I R (73 | TelLbW=—MyX (0. .. . ______ N ___ ..
Meo . oo . M| 38 | au+En+Ed+@e. | {14} | TeLHAW = (7D~ (0o | _
Ny . 0,01 _[IN:____. o 1 . (36) § Cos [B}—2v]._______________...___ e [ C8) | TeBL W (T (T e
Ampiitude relations (a0 | Cos (B =~2W)we oo o] 8 | Gem=TD= oo |
) | MMy (38) F Cos (=39 o] _ Menn tide level .
@ | MetMaee | | Coap @ |t Mieca@® o [... 0,00
@ [ By+Mae o 0.29 My [ rozMaxan e[ | e @O | 0. L)
(W f Ne+Ma_ .. S 0014 fun | oM -0l e o M man ey | 0L L
5 | Or4Rimn oo LD.9S | an | voaMales+@T . e Meaabolghts =~~~
0 | Eidb O oo | - DB || 43 | M= a0+ D+ o o _|{ {30) | Table1d, nrga. (5), (8. . __.§___.__________
M| ®FONesy | 12,29 Seclog snd neap range Ji 181y § Table 13, srgs. (8), (57— | ..
| 44y | 0.586 Bax(3) oo (82) | DEG=(8) X80 oo | . ]
Epoch relations I casy | 8as-pr com (2 ME—St—pr ... el 83 | DLQ= X)L
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GRAPHS SHOWING EFFECTS OF M, M,, AND (K +0))
UPON SEMIDIURNAL WAVE M,

Effect of M,:- Original curves were traced by predicting-machine with
semidiurnal wave M, andquarter-diurnal wave M, represented by correspond-
ing constituents onmachine. Each graph covers a period of approximately
17 solar hours. Expressed interms of the harmonic constants, the ampli-
tude ratio = M, /M, and the phase difference = 2M -M/. When the amplitude
ratio is less than 0.25 the compound wave will be semidiurnal for all
phase relations. When the ratio exceeds this amount a double low water
will occur with a phase difference of 0° and a double high water with a
phase difference of 180°, When the ratio exceeds (.5, the compound wave
is quarter-diurnal for all phase relations.

Effect of M :- Original curves were drawn by hand from computations for
amplitude and phase relations. Each graph covers 18 Jlunar hours, the
hours marked 0 and12 corresponding tothe unaffected M, maximum. Expres-
med in terms of the harmonic constants, the amplitude ratio = M,/M, and
the phase difference = 3M}-My. When theamplitude ratio is less than 1/9
the compound wave will be semidiurnal for all phase relations. When the
retio exceeds this amount a double high water and a double low water will
occur with a phase difference of 180°. When the ratioc exceeds 1/3 the
compound wave will be sixth-diurnal for all phase relations.

Effect of (K,+0,):- Original curves were traced by predicting-machine
with semidiurnal wave M, and diurnal wave (K +0, ) represented on the ma-
chine by M, and M,, respectively, thus reducing the time scale of the
graph by one-half. The period covered by each graph 1s approximately 27
solar hours with the time marks spaced two hours apart. The amplitude
ratio and phase difference of the constituent waves change thoughout the
tropical month. At the time of the tropic tides the amplitude ratio
= {(K,+0,)/M, and the phase difference = %(M]-K7-07). When the amplitude
ratio 1s less than 2.0 the compound wave 1is semidiurnal for all phase
relations. When the ratio exceeds this amount the wave becomes diurnal
with phase relations of 45°, 135°, 225° and 315°. When the amplitude

ratio exceeds 4.0 the compound wave 1s diurnal for all phase relations.
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32 EFFECT OF M, UPON M,

TIME MARKS SPACED ' HOUR

PHASE DIFFERENCE ©O' PHASE DIFFERENCE 30

AMPUTUDE RATIO O AMPLITUDE RATIO O1

=
T L o . "

\ /\ AMPLITUDE RATIO O.4 /\
7— + r—lyry -- v!v — Ay w v - * ¥ -

AMPLITUDE RATKD O.5




EFFECT OF M, UPON M, 33

THE MARKS SFACED 1 HOUR

AMPLITUDE RATIO O3

ANIFLUITUDE RATIO O.4

AMPLITUDE RATIO OB
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EFFECT OF M, UPON M,

THME MARKS SPACED T HOUR

PFHASE DIFFERENCE 1207

PHASE DIFFERENCE 150"




EFFECT OF M, UPON M, 35

TIME MARKS SPACED 1 HOUR

PHASE DIFFERENCE 180" PHASE IMFEFERENCE 2%

AMPLITUDE RATIO Ot AMPLITUDE RATIO O

AMPUTUDE RATIO OO

AMPLITUDE RATYW N g AMPLITUDE RATIO 04
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EFFECT OF M, UPON M,

T MARKS SPFACED 1 HOURN
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EFFECT OF M, UPON M,
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PHASE DFFERENCE O

AMPFUTUDE RATO QB

EFFECT OF (KpO) UPON M,

TIME MARKS SFACED 2 HOURS

PHASEF DIFFERENCE 15°

AMPFLITUDE RATIO OB

AMPMLITUDE RATID AD AMPUITUDE RATYO 4D /\
- —— - —— e ' — v - v — -

AMPLITUDE RATIO 4.0
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EFFECT OF (K;+Op UPON M,

TIME MARKS SFACED 2 HOURSB
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EFFECT OF (K+O) UPON M,

TIME MARKS SFACED 2 HOURS

FHASE DIFFERENCE 109

\ 7 AMPLITUDE RATIO Q5

AMUITLIODE RATIO OB
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TiE MARKS SPACED 2 HOURS
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Phase difierence

Table 1.- Acceleration in M, due to M,

L —

ZM;-M: for H¥W and 2M;-H: +180° for LW

Phase diff. 0°:- 10°- 20°: 30": 40°: 50°: 60°: 7T0°: BO®: 90"
o i ] i Ch L+ 1] [+ ] 4] [ 4 ] D

M, /M.

0. 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.01 0.0 0.2 0.4 0.6 0.7 0.9 1.0 1.1 1.1 1.
, 02 0.0 0.4 0.7 1.1 1.4 1.7 1.9 2.1 2.2 2.3
I03 UIO 0-5 1-'1 ]-'-6 2.0 2.4 2.8 3‘1 3.3 3.4
, 04 0.0 0.7 1.4 2.0 2.6 3.2 3.6 4.0 4.3 4.5
.05 0-0 0.8 1‘6 2.4 3‘2 3.9 4"5 5.0 5-4 5.‘6
06 ] 0.0 1.0 1.9 2.8 3.7 4.5 5.2 5.9 6.4 6.7
07 1o.0 1.1 2.2 3.2 4.2 5.1 6.0 6.7 1.3 1.8
.08 6.0 1.2 2.4 3.6 4.7 5.7 6.7 1.5 8.2 8.8
.09 Y 0.0 1.3 2.6 3.9 5.1 6.3 7.4 8.3 9.1 9.8
10 | 0.0 1.4 2.8 4.2 5.5 6.8 8.0 9.1 10.0 10.7
11 0.0 1.5 3.0 4.5 5.9 7.3 8.6 9.8 10.8 11.7
.12 0.0 1.6 3.2 4.8 6.3 7.8 9.2 10.5 11.6 12.6
13 | 0.0 1.7 3.4 5.1 6.7 8.3 9.7 11.1 12.3 13.4
.14 | 0.0 1.8 3.6 5.3 7.0 8.7 10.3 11.7 13.1 14.2
15 | 0.0 1.9 3.7 5.6 7.4 9.1 10.8 12.3 13.8 15.0
6 | 0.0 1.9 3.9 5.8 7.7 9.5 11.2 12.9 14.4 15.8
17 0.0 2.0 4.0 6.0 8.0 9.9 11.7 13.4 15.1 16.5
18 | 0.0 2.1 4.2 6.2 8.3 10.2 12.1 14.0 15.7 17.3
19 | 0.0 2.2 4.3 6.4 8.5 10.6 12.6 14.5 16.3 17.9
.20 | 0.0 2.2 4.4 6.6 8.8 10.9 13.0 14.9 16.8 18.6
.21 0.0 2.3 4.6 6.8 9.0 11.2 13.3 15.4 17.4 19.2
22 | 0.0 2.3 4.7 7.0 9.3 11.5 13.7 15.8 17.9 109.8
.23 | 0.0 2.4 4.8 7.2 9.5 11.8 14.1 16.3 18.4 20.4
.24 | 0.0 2.4 4.9 7.3 9.7 12.1 14.4 16.7 18.8 20.9
.25 0.0 2.5 5.0 7.5 9.9 12.3 14.7 17.0 19.3 21.5
26 { 0.0 2.5 5.1 7.6 10.1 12.6 15.0 17.4 19.7 22.0
Y, 0.0 2.6 5.2 7.8 10.3 12.8 15.3 17.7 20.2 929.5
.28 | 0.0 2.6 5.3 7.9 10.5 13.1 15.6 18.1 20.6 22.9
.29 | 0.0 2.7 5.4 8.0 10.7 13.3 15.9 18.5 21.0 23.4
.30 | 0,o 2.7 5.4 8.2 10.9 13.5 16.2 18.8 21.3 93.8

‘EhﬂEE diff.] 360%: 350°: 340%: 330°: 320°: 310°: 300°: 290°: 280°: 270°

Tabular values positive with
arguments,

top arguments, negative
Further explanation in text.

with bottom



46 Table 1.- Acceleration in M, due to M, (Continued)
Phase difference = 2MJ-M7 for HW and 2MJ-M7 ¥180° for LW
Phase diff.] 90°: 100°: 110°: 120°: 130°: 140°: 150°: 160°: 170°: 180°
M /™ o o o o o o ) e o o
4 2
0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
01 {1.,1 1,1 1.1 1.0 0.9 0.8 0.6 0.4 0.2 0.0
.02 2.3 2.3 2.2 2.1 1.8 1.6 1.2 0.8 0.4 0.0
.03 | 3.4 3.4 3.3 31 2.8 2.4 1.9 1.3 0.7 0.0
. 04 4.5 4.6 4.5 4.3 3.9 3.3 2.6 1.8 0.9 0.0
.05 5.6 5.7 5.7 5.4 5.0 4.3 3.4 2.4 1.2 0,0
. 06 6.7 6.9 6.9 6.6 6,1 5.3 4.3 3,0 1.6 0,0
. 07 7.8 8.0 8.0 7.8 7.3 6.4 5.2 3.7 1.9 0.0
.08 8.8 9.1 9.2 9,0 8.5 7.5 6.2 4.4 2.3 0.0
.09 | 9.8 10.2 10.4 10.2 9.7 8.7 7.2 5.2 2.8 0.0
.10 |10.7 11i.3 11.5 1i.4. 11.0 10.0 8.4 6.1 3.3 0.0
.11 |11.7 12.3 12.7 12.7 12.2 11.3 9.6 7.1 3.8 0.0
.12 |12.6 13.3 13.8 13.9 13.5 12.6 10.9 8.2 4.5 0.0
.13 113.4 14.3 14.8 15.1 14.8 13.9 12.2 9.4 5.2 0.0
.14 |14.2 15.2 15.9 16.2 16.1 15.3 13.6 10.6 6.0 0.0
.15 {15.0 16.1 16.9 17.4 17.4 16.7 15.1 12.1 7.0 0.0
i16 15-8 17.0 17-9 18:5 1846 18-1 16-6 13-6 8.2 040
.17 |16.5 17.8 18.9 19.6¢ ‘9.9 19.5 18.1 15.2 9.5 0.0
.18 |17.3 18.7 19.8 20.7 21.1 20.9 19.7 16,9 11.0 0.0
.19 |17.9 19.4 20.7 21.7 22.3 22.2 21.2 18.6 12.7 0.0
.20 }18.6 20.2 21.6 22.7 23.4 23.5 22.8 20.5 14.7 0,0
.21 l19.2 =20.9 22.4 23.6 24,5 24.8 24.3 22.3 16.9 0.0
.22 {19.8 21.6 23.2 24.6 25.6 26.1 25.8 24.1 19.2 0.0
.23 120.4 22.3 24.0 25.5 2626 27.3 27.3 25.9 2L.6 0.0
.24 |20.9 22.9 24.7 26.3 27.6 28.5 28,7 27.7 24.0 0.0
.25 l21.5 23.5 25.4 27.1 28.5 29.6 30.0 29.4 26.4 0.0
.26 l22.0- 24.1 26.1 27.9 29.5 30.7 31.3 31.0 28.7 15.9
27 |22.5 24.7 26.8 28.7 30.3 31.7 32.5 32.5 30.8 22.2
.28 }22.9 25.2 27.4 29.4 31.2 32.7 33.7 34.0 32.9 26.8
.29 |23.4 25.7 28.0 30.1 32.6 33.6 34.9 35.4 34.8 30.5
_ .30 }23.8 26.3 28.6 30.8 32.8 34.5 36.0 36.8 36.6 33.6
Phase diff.f 270°: 260°: 250°: 240°: 230°:-220°: 210°: 200°: 190°: 180°:

-

abular values positive with top arguments, negative
Further explanation in text.

with bottom
arguments.



Table 2.- Acceleration in M, due to M,

Phase difference = 3“:—“:—3T' for HW and 3M;~H:—3w' for LW

Phase diff.] 0°:

s 10°: 20°: 30°: 40°:  50°: 60°: 70°: 80°:
HE/M: o [ +] 1] L L D o o O L E
0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0,0
.01 0.0 0.3 0.5 0.8 1.0 1.2 1.4 1.6 1.7 1.7
. 02 0.0 0.5 1.0 1.5 1.9 2.3 2.7 3.0 3.2 3.4
. 03 0.0 0.7 1.4 2.1 2,7 3.3 3.9 4.3 4.7 5.0
. 04 0.0 0.9 1.8 2.6 3.4 4,2 4,9 5.5 6.1 6.5
.05 0.0 1.0 2.1 3.1 4.0 5.0 5.8 6.6 7.3 7.9
. 06 0.0 1.2 2.3 3.5 4.6 5.6 6.7 7.6 8.4 9.2
.07 ] 0.0 1.3 2.6 3.8 5.1 6.3 7.4 8.5 9.5 10.4
. 08 0.0 1.4 2.8 4.2 5.5 6.8 B.1 9,3 10.4 11.4
.09 0.0 1.5 3.0 4.4 5.9 1.3 8,7 10.0 11.2 12.4
-10 ﬂ.ﬂ 1.6 3-1 4-7 612 ?-8 9.2 10.7 12.0 13.3
.11 0.0 1.7 3.3 4.9 6.6 8.2 9.7 11.3 12.7 14.1
12 0.0 1.7 3.5 5.2 6.9 8.5 10.2 11.8 13.4 14,9
.13 0.0 1.8 3.6 5.4 7.1 8.9 10,6 12.3 13.9 15.5
.lﬁ 0.0 1.9 3.7 3.6 7.4 9.2 11.0 12.8 14.5 16.2
.15 0.0 1.9 3.8 5.7 T.6 9.5 11.4 13.2 15.0 16.7
.16 0.0 2.0 3.9 5.9 7.8 9.8 11.7 13.6 15.4 17.3
.17 0.0 2.0 4,0 6.0 8.0 10,0 12.0 13.9 15.9 17.8
.18 0.0 2.1 4.1 6.2 8.2 10.3 12.3 14.3 16.3 18.2
.19 0.0 2.1 4,2 6.3 8.4 10.5 12.5 14.6 16.6 18.6
.20 0.0 2:, 1 4.3 6.4 8.6 10.7 12.8 14.9 17.0 19.0
.21 0.0 2.2 4.4 6.5 8.7 10.9 13.0 15.2 17.3 19.4
.22 0-0 212 4;’,{4 6;6 B;B 11-0 1312 15.4 17-6‘ 19.7
.23 0.0 2.2 4.5 6.7 9.0 11.2 13.4 15.7 17.9 20.1
.24 0.0 2.3 4,6 6.8 9.1 11.4 13.6 15.9 18.1 20.4
‘25 0-0 2'3 4I6 6.9 9-2 11'5 13'8 16.1 13-4 20‘?
26 0.0 2.3 4.7 7.0 9.3 11.7 14.0 16.3 18.6 20.9
27 0.0 2.4 4.7 7.1 9.4 11.8 14.1 16.5 18.8 21.2
123 ﬂn-B 2.4 4-8 7'2 9-5 11‘9 1413 16;\? 19.0 2114
W29 0.0 2.4 4.8 1.2 9.6 12,0 14.4 16.8 19.2 21.6
.30 0.0 2.4 4.9 7.3 9.7 12.2 14.6 17.0 19.4 21.9
. 31 0.0 2.5 4.9 1.4 9.8 12.3 14.7 17.2 19.6 22.1
0.0 2.5 4.9 T.4 9.9 12.4 14.8 17.3 19.8 22.3
0.0 2.5 5.0 7.5 10,0 12.5 15.0 17.5 19.9 22.4
360°: 350“:_?40": 330°: 320°: 310°: 300°-: 2?0": 280°: 270*°:
Tabular. values positive with top arguments, negative with bottom

argumehts.

Further explanation in text.
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Table 2.- Acceleracion 1in M, due to M, (Continued)

Phuse difference = SM;—M:—Bv' for H¥ and 3M:#M:—3w' for LW

Phase diff. 80°: 100%: 110°: 120°: 130°: 140°: 150°: 160°: 170°: 180°:
HE/M: o O 0 o o o [v) o o o
0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

.01 1.7 1.7 1.7 1.6 1.4 1.2 0.9 0.6 0.3 0.0
.02 J.4 3.4 3.4 3.2 2.9 2.5 2.0 1.4 0.7 0.0
.03 5.0 5.1 5.1 3.0 4.6 4.1 3.3 2.3 1.2 0.0
.04 6.5 6.8 6.9 6.8 6.4 5.8 4.8 3.5 i.8 0.0
.05 7.9 8.3 8.6 8.6 8.3 1.7 6.6 4.9 2.6 0.0
.06 9.2 9.8 10.2 10.4 10.2 9.7 8.5 6.6 3.7 0.0
.07 10.4 1i.1 11.7 12,1 12,1 11.7 10.7 B.7 5.2 0.0
. 08 11.4 12.3 13.1 13.6 13.9 13.7 12.9 11.1 1.3 0.0
.09 12.4 13.5 14.4 15.1 15.6 15.6 15.1 13.7 10.0 0.0
.10 13.3 14.5 15.6 l6.4 17.1 17.4 17.3 16.2 13,2 0.0
.11 14.1 15.4 16.6 17.7 18.5 19.1 19.3 18.7 16.5 0.0
.12 14.9 16.3 17.6 18.8 19.8 20.6 21.1 20.9 19.6 13.6
.13 15.5 17,1 18.5 19.8 21.0 22.0 22.7 22.9 22.3 19.3
.14 i6.2 17.8 19.3 20.8 22,1 23.3 24,2 24.8 24.7 23.2
.15 16,7 18.4 20,1 21,6 23.1 24.4 25.5 26.4 26.7 26.2
.16 17.3 19,1 20.8 22.4 24,0 25.5 26.B 27.8 28.5 28.6
17 17.8 19.6 21.4 23.2 24.8 26.4 27.9 29,1 30.1 30.6
.18 1.2 20.1 22.0 23.8 25.6 27.3 28.9 30.3 31.5 32.4
e 19 18.6 20.6 22.6 24.5 26,3 28.1 29,8 31.4 32.8 33.9
.20 19.0 21.1 23.1 25.0 27.0 28.8 30.6 32.3 33.9 35.3
.21 19.4 21.5 23.5 25.6 27.6 29.5 31.4 33.2 34.9 36.5
.22 19.7 21.9 24.0 26.1 28.1 30.1 32.1 34.0 35.8 37.5
.23 20,1 22.2 24.4 26.5 28.7 30.7 32.8 34.8 36.7 38.5
.24 20.4 22.6 24,8 27.0 29.1 31.3 33.4 35.4 37.5 39.4
+ 25 20,7 22.9 25,2 27.4 29.6 31.8 34.0 36.1 38B.2 40.2
. 26 20,9 23.2 25.5 27.¢ 30.0 32.3 34.5 36.7 38.8 40.9
.27 21.2 23.5 25.8 28.1 30.4 32.7 35.0 37.2 39.4 41.6
.28 21.4 23.8 26.1 28.5 30.8 33.1 35.4 37.7 40.0 42.3
.29 21.6 24.0 26.4 28,8 31.2 33.5 35.9 38.2 40.5 42,9
.30 21.9 24,3 26.7 29.1 31.5 33.9 36.3 38.7 41.0 43.4
.31 22,1 24.5 26,9 29.4 31.8 34.3 36.7 39.1 41.5 43.9
.32 22.3 24,7 27.2 29.7 32.1 34.6 37.0 39.5 42.0 44.4
.33 |22.4 24.9 27.4 29.9 32.4 34.9 37.4 39.9 42.4 44.9
Phase daff. | 270°: 260°: 250°: 240°: 230°%: 220°: 210°: 200°: 190°: 180“5

Tabular values positive with top arguments, negative with bottom

arguments, Further explanation in text.



Table 3.- Compound waves, critical relations

Wave M, + M,
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_ P B at P R
0| 4.00 360,.0 0 0.25 180.0
1512.46 425.6 15 0.35 145.5
301 2.10¢ 439.6 30 0.41 132.2
451 2.00 450.0 45 0.45 120.8
60 | 2.10 460.4 60 0.48 110.2
751 2.46 474.4 75 0.49 100.0
90 | 4,00 540.0 90 0.50
105 | 2.46 605.6 105 0,49
1201 2.10 619.6 120 0.48
1351 2.00 630.0 135 0.45
150 | 2.10 640. 4 150 0,41
165 | 2.46 654.4 165 0,35
180 | 4.00 0,0 180 0.25
195 | 2.46 65.6 195 0.35 325.5
210 | 2.10 79.6 210 0.41 312.2
225 | 2.00 90.0 225 0.45 300.8
240 | 2.10 100.4 240 0.48 290.2
255 | 2.46 114.4 255 0.49 280.0
270 ] 4.00 180.0 276 0.50 2710.0
285 | 2. 46 245.6 285 0.49 260.,0
300 | 2.10 259.6 300 0.48 249.8
315 | 2.00 270.0 315 0,45 239,2
330 ] 2.10 280.4 330 0.41 227.8
345 | 2.46 294.4 345 0.35 214.5
360 | 4,00 360.0 360 0,25 180.0
P = %(M;ﬂK"-U:) P = 2H; - M:
R= (K, + 0,)}/M, R= MM,

In each compound wave the principal constituent is M, and the wave
remains semidiurnal until the ratio "R" exceeds the critical value given
for the phase relation. When this limit is exceeded the first wave be-
comes diurnal, the second quarter-diurnal, and the last sixth-diurnal.
The critical points in the compound wave at which the extra tides disap-
pear or reappear are indicated by the "at” values, which are expressed
in semidiurnal degrees and are reckoned from the M, maximum. The entire
peritod of the (M,+K +0 ) wave covers two periods or 720° of the M, con-
stituent, and in this case the "35" 18 reckoned from the first M, maximum
following the moon’s "a" transit.



50 Table 4. Effect of semidiurne]l constituents on range of tide,

s,M, | .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

o
*
L~

0.020 0.020 0.020 0.021 0.021 0.021 0.022 0.023 0.024 0.025

. 026 . 027 . 028 030 ,031 .033 .035 .037 -039 .041

.043 .045 .048 .051 .053 .056 . 059 .062 065 .069
072 .075 .079 .083 .087 .091 095  .099 .103 .108

L ]
td M

112 117 . 122 . 127 -132 . 137 - 142 . 147 . 153 . 159
.164 .170 - 176 .182  .188 . 195 .201 . 207 .214 . 221
.228 .235 .242 .249 .25 .264 .271 .299 . 287 . 295

.303 .311 .319 - 327 . 336 . 345 . 353 .362 . 371 . 380
. 389 . 399 . 408 . 417 . 427 - 437 - 447 - 457 . 467 477
- 487 . 498 . 508 .319 .5300  .541 .952  .563 -574 . SE

- ﬁFﬂ 0o
e

L |
W 0 =~

Yable = 0.020 + 0.577 (S /M,)?



Table 5.,-Effect of diurnal constituents on range of tide.
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I e I

= I
[ ] | ]

o Y o Y oo o

Oh LN

oo O

E-».:I-MM

ra

-

O o

. 00

.000

.001
.003

. 006

012
.018
. 026

. 035
.046
.058

072

. 087
. 104
. 122

141
. 162
. 184

. 208
. 233
. 2690

., 288

. 318
. 348
. 381

415
. 450
. 487

. 525
. 264
. 606

- 648

.01
0. 000

.001
. 003

. 007

012
. 019
. 027

. 036
. 047
. 060

073

.089
. 105
. 124

. 143
. 164
. 187

211
. 236
. 263

. 291

. 321
. 352
. 384

.418
. 454
. 490

. 529
. 369
. 610

652

.02 .03 .04 . 05 .06 .07 .08 . 09
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,001
.001 .001 .001 .002 .002 .002 .002 .003
.003 .004 .004 .004 .005 .005 .006 .006
.007 .008 .008 .009 .009 010 .010 .011
,013 .013 .014 .015 .015 ,016 .017 .017
019 .020 .021 .022 .023 .023 .024 .025
.028 .029 .029 .030 .031 .032 .033 .034
.037 .038 .039 .040 .042 .043 .044 .045
.048 .050 .051 .052 .053 .054 .056 .057
061 .062 .064 .065 .066 .068 .069 .071
075 .076 .078 .079 .081 .082 .084 .086
.090 .092 .094 .095 .097 .099 .100 .102
L1070 109 111 .112  .114 .l16 .118  .120
.12 .127  .129  .131 .133 .135 .137 .139
.145 147  .149 .151 .153 .156 .158  .160
.i66  .169 .171  .173 .175 .177 .180 .182
L1899  .191  .194 .196 .198 .201 .203 .206
.213 .215 .218 .220 .223 .226 .228B .231
.238 .241 .244 . .246 .249  .252 .254 .257
.265 .268 .27T1 .274 .277 .2719  .282 ,285%
.294 .297 .300 .303 .306 .309 .312 .315
.324 .327  .330 .333 .336 .339 .342  .345
.355 .358 .361 .365 .368 .371 .374 .378
.388  .391 .394 .398 .401 .404 .408 .41l
422  .495 429 432  .436 .439 .443 . 446
457 .461 .465 .468 .472 .476  .479  .483
.494 .498 .502 .506 .509 .513 .517 .521
.533  .537 .541 .544 .548 .5582 .556 .560
.573 .577 .581 .585 .589 .593 .597 .601
614 .618 .622 .627 .631 .635 .639 .644
657 _ .661 .665 .670 .674 _ .679  .683 687

Table = 0.072 (K,+0 ) ? M}




59 Table 6.- Values of C in Formula (60)

0° 10° 20° 30° 40° 50° 60° 70° 80°  90°
180 190 200 210 220 230 240 250 260 270

1.00 1.00 1.00 1.00 1.00 1,00 1,00 1.00 1.00 1.00

1.00 1.00 0,98 0.96 0.93 0.90 0.87 0.84 0,82 0.82
1.00 0.99 . 97 .93 .88 .82 .76 71 .68 .67
1.00 .99 + 96 .91 .84 .16 .68 .61 . 36 .54

1.00 .99 + 95 .89 .81 12 . 62 .53 .46 .43
1.00 .99 +95 . 88 .80 .69 . 08 +46 .37 .33
1.00 .99 . 94 .88 .78 .67 .34 -41 . 30 + 25

1.00 .99 .94 .87 17 .66 - .52 .38 .25 .18
1.00 .98 .94 .87 11 .65 .51 .36 .21 .11
1.00 .98 . 94 .87 17 .64 .50 .35 .18 .05

1.00 .98 .94 .87 A7 .64 .50 .34 17 .00

1.00 .98 . 94 . 87 i .64 .50 .34 18 « 05
1.00 . 98 .94 .87 A1 6D .21 35 .20 .09
1.00 .99 94 .87 AT «65 ) | «36 .22 .13
1,00 .99 « 94 87 11 .66 Y .38 .24 17
1.00 .99 . 94 87 .18 .66 .53 +39 .26 20
1.00 .99 .94 .87 .18 .67 .04 -40 .29 .23

1.00 .99 .94 .88 .18 .67 .55 .42 .31 .26
1,00 .99 .94 .88 .79 .68 .56 .43 .33 .29
1.00 .99 .95 .88  ,79 .69 .57  ,45 .35 .31

1.00 .99 .9 .88 .80 .69 .58 .46 .37 .33

_—
180° 170 160° 150° 140 130°  120° 110° 100° 90 °

360 350 340 330 320 310 300 290 280 270




Table 7.- Values of x in Formula {(61)
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0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
180 190 200 210 220 230 240 250 260 270
0.0 10,0 20,0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
0.0 8.2 i16.6 25.3 34.5 44.3 24.8 66.0 77.8 90.0
0.0 6.7 13.6 21.1 29.2 AR5 49,1 61.4 75.2 90,0
0.0 5.4 11.1 17.3 24.3 R 43.0 35.9 71.9 90.0
0.0 4.3 8.9 13.9 19.8 27.1 36.6 49.7 67.6 90,0
0.0 3.4 6.9 1C. 9 15.6 21.7 30,0 42.5 62.1 90.0
0.0 2.5 3.2 8,2 11,8 16.6 23.4 34.5 54.8 90,0
0.0 1.8 3.7 5.8 B.4 11,9 ~=17.0 25.9 45,0 90.0
0.0 1.1 2.3 3.7 3.3 [ 10,9 17.0 32.2 90.0
0.0 0.5 1.1 1.7 2.5 3.6 3.2 8.2 16.6 90.0
0-0 010 0-0 0:0 010 {}10 Dlg Dno 010 _-_—==
0.0 -0.5 -1.0 -1.6 -2.3 -3.2 4.7 ~7T.4 -15.1 -=90.0
0.0 -‘019 "'"11-9 _3-0 -4-4 -6-2 "8-9 ""].410 -2?-3 "'90-0
0-0 -1-3 -2.7 —413 -6.2 -B-B -12.7 _"lgi? —36.5 —9010
0-0 -11? _3-5 _'SIS 'Bl{] ""1]..2 _1611 -24|6 _43.4 -9010
010 ""‘2- u "'"'4 .'2 "616 -9- 5 ‘-13-4 -1911 -2818 ‘—4316 "90.0
0.0 2.3 -4.8 -7.6 -11.0 -15.4 -21.8 -32.4 -52,6 -90.0
0.0 -2.6 ~5.4 -8,5 -12,3 -17.2 24,2 -35.5 -55.8 -90.0
0.0 -219 ""‘5-9 "'"914 -13.5 -18.8 "2613 _3811 —58-3 -90-0
0.0 -3.1 -6.4 -10.2 -14.6 -20.3 -28.3 -40.4 -60.,4 -90.0
0.0 -3.4 -6.9 -10.9 -15.6 -21.7 -30.0 ~42.5 -62.1 -90.0
180° 170° 160° 150° 140° 130° 120° 110° 100° 90°
360 350 340 330 320 310 300 290 280 270

When bottom argument is used, reverse sign of tabular value.



54 Table 8
Acceleration in time of HHW and LLW in degrees of diurnal wave (1)
Phase difference = MKOXv for HH¥ and MKOt90° Xw for ILW _
Phase 0°: 102 20°: 30°: 40°: 50°: 60° 70° 80%: 90°:
Difference 180 : 190 - 200 : 210 : 220 - 230 - 240 : 250 - 9260 : 270 -
o ° o | o ° a ° o - o o - o - o - a -
0.0 0.0 0.0 0.0 o©0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.2 0.5 0.7 0.9 1.1 1.2 1.3 1.4 1.4
0.2 0.0 0.5 0.9 1.4 1.8 2.1 2.4 2.6 2.8 2.9
0.3 0.0 0.7 1.4 2.0 2.6 3.1 3.6 3.9 4.2 4.3
D
> 0.4 0.0 0.9 1.8 2.6 3.4 4.1 4.7 5.2 5.6 5.7
= 0.5 0.0 1.1 2.2 3.2 4.2 5.1 5.8 6.5 6.9 7.2
r| 0.6 0.0 1.3 2.6 3.8 5.0 6.0 6.9 7.7 8.3 8.6
[
[
Rt 0.7 0.0 1.5 2.9 4.4 5.7 6.9 8.0 8.9 9.6 10.1
o 0.8 0.0 1.7 3.3 4.9 6.4 7.8 9.0 10.1 11.0 11.5
8 0.9 0.0 1.8 3.6 5.4 7.1 8.7 10.1 11.3 12.3 13.0
||
A 1.0 0.0 2.0 4.0 5.9 7.7 9.5 11.1 12.5 13.6:!14.5
e
= 1.1 0.0 2.2 4.3 6.4 8.4 10.3 12.0 13.6 15.0 16.0
e 1.2 0.0 2.3 4.6 6.8 9.0 11.1 13.0 14.8 16.3 17.5
e 1.3 0.0 2.5 4.9 7.3 9.6 11.8 14.0 15.9 17.6 19.0
D
ot 1. 4 0.0 2.6 5.2 1.7 10.2 12.6 14.9 17.0 18.9 20.5
" 1.5 0.0 2.7 5.4 8.1 10.8 13.3 15.8 18.1 20.2 22.0
- 1.6 0.0 2.9 5.7 8.5 11.3 14.0 16.6 19.2 21.5 23.6
[
[
o 1.7 0.0 3.0 5.9 8.9 11.8 14.7 17.5 20.2 22.8 25.2
© 1.8 0.0 3.1 6.2 9.3 12.3 15.4 18.4 21.3 24.1 26.8
e 1.9 0.0 3.2 6.4 9.6 12.8 16.0 19.2 22.3 25.4 28.4
D
= 2.0 .0 3.3 6.7 10.0 13.3 16.7 20.0 23.3 26.7 30.0
Fe
= 2.1 0.0 3.4 6.9 10.3 3.8 17.3 20.8 24.3 28.0 31.7
| 2.2 0.0 3.5 7.1 10.7 14.3 17.9 21.6 25.3 29.2 33:&4
. 2.3 0.0 3.6 7.3 11.0 14.7 18.5 22.3 26.3 30.5 35.1
O
0 2.4 0.0 3.7 7.5 11.3 15.1 19.0 23.1 27.3 31.8 36.9
o 2.5 0.0 3.8 7.7 11.6 15.6 19.6 23.8 28.2 33.0 38.7
e 2.6 0.0 3.9 7.9 11.9 16.0 20.2 24.5 29.1 34.3 40.5
2.7 0.0 4.0 8.1 12.2 16.4 20.7 25.2 30.1 35.5 42.4
2.8 0.0 4.1 8.3 12.5 16.8 21.2 25.9 31.0 36.8 44.4
2.9 0.0 4.2 8.4 12.7 17.1 21.7 26.5 31.8 38.0 46.5
3.0 0.0 4.3 8.6 13.0 17.5 22.2 27.2 32.7 39.2 48.6
Phase 180°%: 170%- 160°: 1S50°- 140°: 130°: 120°%: 110°: 100°: 90°:
Difference | 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 -

Tabular values positive with top arguments, negative with bottom
arguments. When phase difference is 90° or 270°, the correspond-
ing diurnal inequality is zero and tabular values may be either
positive or negative according to the tide selected for the HHW

or the LLW.



Tabie 8 55
Acceleration in time of HHW and LLW in degrees of diurnal wave (2)
Phase difference = MKO-%v for HHW and MKO190° Xw for LLW
- . _—
Phase 0%:  10°: 20°: 30°: 40°: 50®°: 60°: 70°: 80° 90°:
Difference | 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 :
o9 o L I o o - B o o L o
3.0y 0.0 4.3 8.6 13.0 17.5 22.2 97.2 32.7 39.2 486
3.1 0.0 4.4 8.8 13.3 17.9 22.7 27.8 33.5 40.4 S50.8
3.2 0.0 4.4 8.9 13.5 18.2 23.1 28.4 34.4 41.6 53.1
3.3] 0.0 4.5 9.1 13.8 18.6 23.6 29.0 35.2 42.8 55.6
[} .
= 34| 0.0 4.6 9.2 14.0 18.9 24.0 29.6 36.0 44.0 58.2
" 3.5 0.0 4.7 9.4 14.2 19.2 24.5 30.2 36.8 45.2 61.0
© 3.6f 0.0 4.7 9.5 14.4 19.5 24.9 30.8 37.5 46.3 64.2
=
;E 3.7] 0.0 4.8 9.7 14.7 19.8 25.3 31.3 38.3 47.4 67.7
s 3.8 0.0 4.9 9.8 14.9 20.1 25.7 31.9 39.0 48.5 71.8
c 39| 0.0 4.9 9.9 15.1 20.4 2.1 32.4 39.7 49.6 77.2
ks 4.0 0.0 5.0 10.1 15.3 20.7 26.5 32.9 40.4 5S0.6 90.0
o
= 4.1 0.0 5.1 10,2 15.4 21.0 26.8 33.4 41.1 51.7 90.0
. 4.2f 0.0 51 10.3 15.6 21.2 27.2 33.9 41.8 52.7 90.0
2 4.3] 0.0 5.2 10.4 15.8 21.5 27.6 34.3 42.4 S3.6 90.0
X .
= 4.4) 0.0 5.2 10.6 16.0 21.7 27.9 34.8 43.0 54.6 90.0
. 4571 0.0 5.3 10.7 16.2 22.0 28.2 35.2 43.6 55.5 90.0
s 4.6| 0.0 5.4 10.8 16.4 22.2 28.6 35.7 44.2 56.3 90.0
[
% 4.7] 0.0 5.4 10.9 16.5 22.5 28.9 36.1 44.8 57.2 90.0
- 4.8 0.0 5.5 11.0 6.7 22.7 929.2 36.5 45.4 S8.0 90.0
o 4.9 0.0 5.5 11.1 16.9 22.9 29.5 36.9 45.9 58.8 90.0
L
2 5.0] 0.0 5.6 11.2 17.0 23.2 29.8 37.3 46.5 59.5, 90.0
-
'E. 5.1 0.0 5.6 11.3 17.2 23.4 30.1 37.7 47.0 60.2 90.0
s 5.2] 0.0 57 11.4 17.3 23.6 30.4 38.1 47.5 60.9 90.0
< 5.3]1 0.0 5.7 11.5 17.5 23.8 30.7 38.4 48.0 61.6§ 90.0
4 5.4] 0.0 58 1l.6 17.6 24.0 30.9 38.8 48.4 62.2 90.0
g 5.5} 0.0 58 11.7 17.8 24.2 31.2 39.1 48.9 62.8 90.0
5.6 { 0.0 5.8 11.8 17.9 24.4 31.4 39.5 49.3 63.4 90.0
5.7] 0.0 5.9 11.9 18.1 24.6 31.7 39.8 49.7 63.9 90.0
5.8 6.0 5.9 12.0 18.2 24.8 32.0 40.1 50.2 64.4 90.0
5.9 0.0 6.0 12.0 18.3 25.0 32.2 40.4 50.6 6439 90.0
- 6.0 )] 0.0 6.0 12.1 18.4 25.1 32.4 40.7 51.0 65.4 90.0
Phase 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°-
Difference § 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 :

Tabular values positive with top argaments, negative with bottom
arguments. When phase. difference 1s 90® or 270®, the correspond-
ing diurnal inequality is zero and tabular values may be either

positive or negative according to the tide selected for the HHW
or the LLW.



56 Table 8
Acceleration in time of HHW and LLW in degrees of diurnal wave (3)
Phase difference = MKO-%v for HHW and MKO¥90°.Y%w for LLW
Phase 0°: 10°: 20°: 30°: 40°: 50°: 60°: 70°: 80°: 90°:
Difference | 180.- 190 : 200 : 210 : 220 - 230 : 240 : 250 : 260 : 270 :
o & e . » o o 0 o @ a, o
61 0.0 6.0 12.1 18.4 25.1 32.4 40.7 51.0 65.4 90.0
T 0.0 6.4 12.9 19.6 26.7 34.5 43.4 54.3 69.0 90.0
® 3 0.0 6.7 13.5 20.5 28.0 36.2 45.5 56.7 71.2 90.0
= 9 0.0 6.9 14.0 21.3 29.1 37.6 47.2 58.6 72.8 90.0
-
E% 10 0.0 7.2 14.4 22.0 30.0 38.7 48.6 60.0 73.9 90.0
v 11 0.0 7.4 14.8 22.6 30.8 39.7 49.6 61.2 74.7 90.0
. 12 0.0 7.5 15.1 23.1 31.5 40.5 50.6 62.1 75.3 90.0
s 13 0.0 7.7 15.4 23.5 32.0 41.2 51.4 62.8 75.8 90.0
4 .3
5 14§ 0.0 7.8 15.7 23.9 32.5 41.8 52.0 63.4 76.2 90.0
;E' 15 6.0 7.9 16.0 24.3 33.0 42.3 52.6 64.0 76.5 90.0
¥ 16 0.0 8.0 16.2 24.6 33.4 42.8 53.1 64.4 76.8 90.0
.u _ .
: 17 0.0 8.1 16.4 24.9 33.8 43.2 53.5 64.8 77.0 90.0
8 18 0.0 8.2 16.5 25.1 34.1 43.6 53.9 65.1 77.2 90.0
- 19 0.0 8.3 16.7 25.3 34.4 44.0 54.3 65.4 77.4 90.0
= f
.E 20 0.0 -8.4 16.8 25.5 34.6 44.3 54.6 65.7 17.6 90.0
. = X
- 36 | 0.0 8.8 17.8 26.9 36.3 46.2 56.4 67.2 78.5 90.0
. 40 0.0 9.1 18.3 27.6 37.2 47.1 57.3 68.0 78.9 90.0
> 50 0.0 9.3 18.6 28.1 37.8 47.7 57.9 68.4 79.2 90.0
o ' |
= 100 0.0 9.6 19.3 29.0 38.9 48.9 59.0 69.2 79.6 90.0
500 0.0 9.9 19.8 29.8 39.8 49.8 59.8- 69.8 79.9 90.0
Infinite 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 20.0 90.0
_Phase 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°:
Difference | 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 :

negative with bottom
270°, the correspond-
values may be either

selected for the HHW

abular values positive with top arguments,
arguments. When phasedifference is 90° or
ing diurnal inequality is zero and tabular
positive or negative according to the tade

or the LLW.
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Acceleration in Lower High Water and Higher Low Water
Expressed 1in degrees of diurnal wave

Phase ~J 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°:
Difference 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270:
- o ) o o o o LD o o o
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
0.1 0.0 0,3 0.5 0.7 0.9 1,1 1.3 1.4 1.4 1.4
0.2 0.0 0.5 1,0 1.5 1.9 2.3 2.5 2.7 2.8 2.9
0.3 0.0 0.8 1.6 2.3 2.9 3.5 3.9 4.2 4.3 4.3
- ¥
> 0.4 o.o0 1.1 2.2 3.1 4,0 4.7 5.2 5.6 5.8 5.7
> 0.5 6,0 1.4 2.8 4.0 5.1 6.0 6.6 7.0 7.2 7.2
g 0.6 0.0 1.8 3.4 5.0 6.3 7.3 8.1 8.5 8.7 8.6
=
=t
3 0.7 0.0 2.1 4.1 5.9 7.5 8.7 9.6 10.1 10.2 10.1
o 0.8 0.0 2.5 4.8 7.0 8,8 10.2 11.1 11.7 11.8¢ 11.5
E 0.9 0.0 2.9 5.6 8,0 10.1 11.7 12.7 13.3 13.4 13.0
("))
A 1.0 0.0 3.3 6.4 9.2 11.5 13.3 14.4 14.9 14.9 14.5
bt
= 1.1 0.0 3.8 7.3 10.4 13.0 14.9 16.1 16.6 Y¥6.,6 16.0
2 1.2 0.0 4.2 8,2 11.8 14.6 16.7 18.0 18.4 18.2 17.5
° 1.3 0,0 4.8 9.3 13.2 16.4 18.6 19.9 20.3 19.9 19.0
o |
- 1.4 0.0 5.3 10.4 14.8 18.3 20.7 21.9 22.2 21.6 20.5
= 1.5 0.0 5.9 11.6 16.5 20.3 22.9 24.1 24.2 23.4 22.0
- 1.6 0.0 6.6 12.9 18.4 22,6 25.4 26.5 26.3 25.3 23.6
=
i
B 1.7 0.0 7.3 14.3 20.5 25.3 28.1 29.1 28.6 27.2 25.2
© 1.8 0.0 8.1 15.9 23.0 28.4 31,4 32,0 31.0 29.1 26,8
A 1.9 0.0 9.0 17.8 26.0 32.5 35.7 35.5 33.7 31.2 28.4
)
b 2.0 0.0 10.0 20.0 30.0 40.0 43,3 40.0 36.7 33.3 30.0
= 2.1 0.0 11.1 22.7 40.2 35.6 31.7
= 2.2 0.0 12.4 26.4 44.6 38,1 33.4
Ly 2-3 010 13-9 4017 35;1
© Tide becomes diurnal with
L 2.4 0.0 15.6 no lower high or higher low 43.6 36.9
p 2.5 0.0 17.9 water, 47.1 38.7
= 2.6 0.0 2i1.1 51.4 40,5
2.7 0.0 42,4
2.8 0.0 44.4
2.9 0.0 46.5
_ 3.0 0.0 | 48,6
Phase 0® - 10° 20° 30° 40° 50° 60" T0° 80° 90" :
Difference 180 : 190 :.200 : 210 : 220 : 230 : 240 : 250 : 260 : 270:

Thhu!ar velues directly applicable for high water. Change
phase difference by * 90° for low water. Values positive
with top arguments, negative with bottom arguments,
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Table 9

Acceleration in time of HHW and LLW in solar hours (1)

Phase 0°: 10°: 20®°: 30°: 40°: 50°: 60°: 70°: 8Q°: 9QQ°
_pifference 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 :
hour: hour: hour: hour: hour: hour: hour: hour: hour: hour:
0.0 0.00 0,00 0.00 0.00 ©0.00 0,00 0.00 0.00 0,00 0.00
0.1 .00 . 02 . 03 . 05 . 06 . 07 .08 ,09 .10 .10
0.2 .00 .03 . 06 .09 .12 .15 17 .18 .10 .20
0.3 00 ,Jos .09 .14 .18 .22 .25 .27 .29 .30
[ .
- 0.4 200 . 06 12 .18 24 .28 .33 .36 . 38 .40
* 0.5 .00 .08 .15 .22 .29 .35 .40 Y . 48 00
"o 0.6 . 00 .09 .18 26 .34 .42 .48 .53 Y .60
=
-
= 0.7 . 00 .10 20 .30 .39 .48 ‘95 .62 , 06 W19
:E 0.8 . 00 .11 .23 .34 .44 .54 .62 .10 .16 . 80
£ 0.9 . 00 .13 25 .37 . 49 .60 .69 .78 .85 .90
- o
‘E 1.0 . 00 .14 .27 .41 « 933 65 . 16 .86 94 1,00
. .
= 1.1 .00 .15 .30 .44 .58 71 .83 .94 1,03 1.10
+ 1.2 .00 .16 .32 A7 .62 16 .90 1,02 1.12 1.20
S 1.3 .00 .17 .34 .50 .66 .82 96 1,10 1.21 1.31
4
- 1.4 . 00 .18 .36 . 33 .70 87 1,03 1.17 1.30 1.41
> 1.5 . 00 .19 .37 .56 .14 92 1,09 1,25 1.39 1.52
o 1.6 .00 .20 .39 «59 .18 .97 1,15 1.32 1.48 1,63
=
[ =
A 1.7 .00 .21 .41 .61 .82 1.01 1.2 1.40 1.57 1.74
o 1.8 . 00 .21 .43 .64 .85 1.06 1.27 1.47 1.66 185
A 1.9 .00 .22 .44 .67 .89 1.11 1.32 1.54 1.75 1.96
L b
'E 2.0 .00 .23 .46 .69 .92 1,15 1.38 1.61 1.84 2.07
-rd
A 2.1 . 00 .24 .48 .11 .95 1.19 1.43 1.68 1.93 2.18
E 2.2 . 00 .24 .49 4 98 A4.23 1.49 1.75 2.02 2.30
oy 2.3 .00 W25 .50 L6 1.01 1.27 1.54 1.81 2.10 2,42
o
2 2.4 .00 .26 Y. .18 1,04 1,31 1.59 1.88 2.19 2.54
pot 2.5 .00 2T .53 B80 1.07 1.35 1.64 1.95 2.28 2.67
o 2.6 . 00 27 . 55 .82 1.10 1.39 1.69 2.01 2.37 2.80
2.7 . 00 .28 « 26 .84 1.13 1.43 1.74 2.07 2.45 2,93
2.8 .00 .28 .57 .86 1.16 1.46 1.79 2.14 2.54 3.07
2.9 . 00 .29 .58 .88 1.18 1.50 1.83 2.20 2,62 3,21
3.0 .00 .30 .59 .90 1.21 1.53 1.88 2,26 2.71 3.35
Phase 180 : 170 : 160 : 150 : 140 : 130 : 120 : 110 : 100 : 9Q :
Differencg 360 : 350 : 340 : 330 - 320 : 310 : 360 : 290 : 280 2?0‘j

Tabular values positive with toparguments, negative with bottom
When phase difference 1s 90° or 2707, the correspond-
ing diurnal inequality 1s zero and tabular values may be either

arguments,

positive or negative according to the tide selected for

or th:LLL'.

the HHW



Table 9

Acceleration in time of HHW and LLW in solar hours (2)

59

Phase 0%: 10%: 20°: 30°: 40°: 50°: 60°: 70°: 80°: 90°
Difference 180 : 190 : 200 : 210 : 220 : 230 :.?40 : 250 : 260 : 270 -
- hour: hour: hour : hour: hour: hour: hour: hour: hour: hour:
3.0 0.00 0.30 0.59 0.90 1.21 1.53 1.88 2.26 2.71 3.35
3'1 I-OO ISD I61 '91 1-23 1]56 1192 2.31 2.79 3-50
3.2 .00 .31 .62 .93 1.26 1.60 1.96 2.37 2.87 3.67
3.3 00 .31 .63 .95 1.28 1.63 2.00 2.43 2.95 3.84
QD .
o 3.4 00 .32 .64 .9 1.30 1.66 2.04 2.48 3.04 4,02
¥ 3.5 00 .32 .65 .98 1.33 1,69 2.08 2.54 3.12 4.21]
- 3.6 .00 .33 .66 1.00 1.35 1.72 2.12 2.59 3.19 4.43
=
=
2 3.7 . 00 .33 .67 1.01 1.37 1.75 2.16 2.64 3,97 4,67
- 3.8 .00 .34 .68 1.03 1.39 1.77 2.20 2.69 3.35 4,95
E 3,9 00 .34 .69 1.04 1.41 1.80 2.23 2.74 3.42 5.32
)]
P 4,0 00 .35 .70 1.05 1.43 1.83 2.27 2.79 3.49 6.21
= 4.1 00 .35 .70 1.07 1.45 1.85 2.30 2.84 3.56 6.21
» 4,2 .00 .35 .71 1.08 1.46 1.88 2.34 2.88 3.63 6.21
3 4.3 00 .36 .72 1.09 1.48 1.90 2.37 2.93 3.70 6.21
a
o 4.4 00 .36 .73 1.11 1.50 1.93 2.40 2.97 3.7 6.21
g 4.5 00 .37 .74 1.12 1.52 1.95 2.43 3.01 3.83 6.21
o 4,6 . 00 .37 74 1.13 1.53 1.97 2.46 3.05 3.89 6.21
=
| =
= 4.7 .00 .37 75 1.14 1.55 1.99 2.49 3.09 3.95 6.21
;j 4.8 00 .38 .76 1.15 1.57 2.01 2.52 3.13 4.00 6.92]
o 4.9 .00 .38 .77 1.16 1.58 2.04 2.55 3.17 4,06 6.21
Q
'E 5.0 00 .38 .77 1.18 1.60 2.06 2.57 3.921 4.11 6.21
- -
B, 5,1 00 .39 .78 1.19 1.61 2.08 2.60 3.94 4,16 6.21
= 5,9 00 .39 .79 1.20 1.63 2.10 2.63 3.97 4.20 6.21
s 5.3 00 .39 .79 1.21 1.64 2.12 2,65 3.31 4.25 6.921
;E 5.4 .00 .40 .80 1.22 1.66 2.13 2.68 3,34 4.29 ¢.921
£ 5.5 .OU 140 lBl 1.23 1167 2:15 2.70 3.37 4.33 6-21
5,6 .00 .40 .81 1.24 1.68 2.17 2.792 3.40 4.37 .21
5.7 00 .41 .82 1.25 1.70 2.19 2.75 3.43 4.4} 6.21
5.8 .00 .41 .83 125 1.71 2,21 2.77 3.46 4.44 6,21
5.9 00 .41 .83 1.26 1.72 2.22 2.79 3.49 4.48 6.21
6.0 .00 .42 .84 1.27 1.73 2.24 2.81 3.59 4.51 6.21
Phase 180 : 170 : 160 : 150 - 140 : 130 : 120 : 110 - 100 : 90 -
_Pifference 360 : 350 : 340 : 330 : 320 - 310 : 300 : 290 . 280 - 270 :

Tabular values positive with toparguments,
When phase difference is 90° or
ing diurnal inequality is zero and tabular

positive or negative according to the tide
or the LLW,

arguments.,

negative with bottom
2707, the correspond-

values may be either
selected for the HHW



60 Table 9

Acceleration in time of HHW and LLW in solar hours (3)
Phase 0°: 10°: 20°: 30°: 40°: 50°: 60°: 70°: 80°: .90°:
Difference 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 :
hour: hour: hour: hour: hour: hour: hour: hour: hour: hour:
7 .00 .44 .89 1.35 1.84 2,38 3.00 3.75 4.76 6.21
o 8 00 .46 .93 1.42 1.93 2.50 3.14 3.92 4.92 6.21
= 9 .00 .48 .97 1.47 2.01 2,59 3.26 4.04 5.02 6.21
et
-ped )
= 10 00 .50 1.00 1.52 2.07 2,67 3.35 4.14 5.10 6.21
e
L1 |
© 11 00 .51 1.02 1.56 2.12 2.74 3.43 4.22 5.15 6.21
ot 12 00 .52 1.04 1.59'2.17 2.80 3.49 4.28 5.20 6.21
* 13 .00 .53 1.06 1.62 2,21 2.85 3.54 4.33 5.23 6.21
'ﬂ "
a 14 00 .54 1.08 1.65 2.25 2.89 3.59 4.37 5.26 6.21
b 15 .00 .55 1,10 I.67 2.28 2.92 3.63 4,41 5.28 6.21
ot 16 00 .55 1.12 1.6%9 2.31 2.95 3.66 4.44 5.30 6.21
. .
L)
@ 17 .00 .56 1.13 1.7 2.33 2.98 3.69 4.47 5.32 6.21
s 18 00 .57 1.14 1.73 2.35 3.01 3.72 4.49 5.33 6.21
— 19 00 .57 1.15 1.75 2.37 3.03 3.74 4.51 5.34 6.21
(1 4]
-
- 20. 00 .58 1.16 1.76 2.38 3.05 3.76 4.53 5.35 6.21
i
~
- 30 00 .61 1.23 1.86 2.51 3.19 3.89 4.64 5.42 6.21
© 40 00 .63 1.26 1.91 2.57 3.25 3.96 4.69 5.45 6.21
5 50 00 .64 1.28 1.94 2.61 3.29 4.00 4,72 5.46 6.21
e
o
=100 .00 .66 1.33 2,00 2.68 3.37 4.07 4.78 5.49 6.21
500 .00 .68 1.37 2.06 2,74 3.43 4.13 4.82 5.51 6.21
_ Infinitﬂ 0.00 0-69 1-33 2.01 2;?6 3-45 4-14 4.83 5;52 6121
Phase 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°:
Difference 160 - 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 :

Tabular values positive with top arguments, negative with bottom
arguments. When phase difference is 90° or 270°, the correspond-
ing diurnal inequality is zero and tabular values may be either

positive or negative according to the tide selected for the HHW
or the LLW.



Table 9a

Expressed in solar hours

Acctleration 1n Lower High Water and Higher Low Water

61

Phase 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110%: 100°: 90°:
Difference 360 : 350 :_1&0 + 330 « 320 : 310 : 300 :1g90 : 280 : 270
hour: hdbur: hour: hour: hour: hour: hour: hour: hour: hour:

0.0 0.00 0.00 0.060 0.00 0.00 0.00 0.00 0.00 D.00 0.00

0.1 .00 .02 .03 .05 . 06 .08 . 09 .09 .10 .10

0.2 .00 .07 .07 .10 .13 .16 .18 .19 .20 .20

0.3 . 00 . 06 11 .16 - 20 .24 27 .29 .30 .30

0.4 . 00 .08 .15 .22 .28 .32 .36 .39 .40 .40

0.5 .00 .10 .19 .28 .35 .41 .46 .49 <50 e 90

0.6 . 00 .12 .24 .34 .43 .50 .56 .59 .60 .60

0.7 . 00 .15 .28 .41 .52 .60 .66 10 .11 .10

0.8 .00 A7 .33 .48 .60 .70 .17 .80 .81 .80

0.9 .00 .20 .39 .56 .70 .81 .88 .92 .92 . 90

1.0 .00 .23 .44 .64 .80 .91 .99 1.03 1.03 1.00

1.1 . 00 .26 .50 . T2 .90 1.03 1.11 1.15 1.14 1.10

1.2 .00 .29 .57 .81 1.01 1.15 1.24 1.27 1.26 1.20

1.3 . 00 .33 .64 .91 1.13 1.29 1.37 1.40 1.37 1.31

1.4 .00 .37 .71 1.02 1.26 1.43 1.51 1.53 1.49 1.41

1.5 .00 .41 .80 1.14 1.40 1.58 1.66 1.67 1.62 1.52

1.6 . 00 .46 .89 1.27 1.56 1.75 1.83 1.82 1.74 1.63

1.7 . 00 .51 .99 1.41 1.74 1.94 2.01 1.97 1.87 1.74

1.8 . 00 .36 1.10 1.58 1.9 2.17 2.21 2.14 2.01 1.85

1.9 .00 .62 1,23 1.79 2.24 2.46 2.45 2.32 2.15 1.96

2.0 .00 .69 1.38 2.07 2.76 2.99 2.76 2.53 2.30 2.07

2.1 .00 .77 1.57 2.77 2.46 2.18

2.2 . 00 .85 1.82 3.08 2.63 2.30

2.3 .00 .96 2.81 2.42

2.4 .00 1.08 Tide becomes diurnal with 3.01 2.54

2.5 .00 1.23 no lower high or higher low 3.25 2.67

2.6 .00 1.45 water. 3.55 2.80

2.7 .00 2.93

2.8 .00 3.07

2.9 .00 3.21

_ 3.0 .00 3.35
Phase 0°: 10%: 20%: 30°: 40°: 50°: 60°: 70°: 8Q0°: 9p°-
Difference 180 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 -:
Tabular values directly applicable for high water. Change phase

, \
difference byt 90° for low water. Values positive with top ar-
guments, negative with bottom arguments,
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Table 10

Height factors for HHW and LLW (1)

Phase ' 0°: 10°: 20°: 30°: 40°: 50°: 60°: 70°. 80°: 90°
Difference 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270
0.0 |1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 §1.1060 1.098 1.094 1.087 1.077 1.065 1.051 1.035 1.019 1.001
0.2 11.200 1.197 1.188 1.174 1.155 1.131 1.104 1.073 1.040 1.005
0.3 ]1.300 1.296 1.283 1.262 1.234 1.199 1.158 1.112 1.063 1.011
® 0.4 ]1.400 1.394 1.378 1.351 1.314 1.268 1.214 1.154 1.088 1.020
§ 0.5 J1.500 1.493 1.473 1.440 1.395 1.338 1.272 1.198 1.116 1.031
— 0.6 11.600 1.592 1.568 1.530 1.476 1.410 1.331 1.243 1.147 1.045
L
=
5 0.7 [J1.700 1.691 1.664 1.620 1.558 1.482 1.392 1.290 1.179 1.061
o 0.8 [1.800 1.790 1.760 1.710 1.642 1.556 1.454 1.340 1.214 1.080
< 0.9 [1.900 1.889 1.855 1.800 1.725 1.630 1.518 1.391 1.251 1.101
D
L]
- 1.0 §2.000 1.988 1.952 1.892 1.809 1.706 1.583 1.444 1.290 1.125
O
© 1.1 |2.100 2.087 2.048 1.983 1.894 1.782 1.650 1.498 1.331 1.151
= 1.2 [2.200 2.186 2.144 2.075 1.980 1.860 1.717 1.554 1.374 1.180
o 1.3 {2.300 2.285 2.240 2.167 2.066 1.938 1.786 1.612 1.419 1.211
.
© 1.4 §2.400 2.384-2.337 2.259 2.152 2.017 1.856 1.672 1.467 1.245
- 1.5 §2.500 2.483 2.434 2.352 2.239 2.097 1.927 1.732 1.516 1.281
., 1.6 }2.600 2.583 2.531 2.445 2.327 2.177 1.999 1.795 1.567 1.320
L
=
k1.7 |2.700 2.681 2.628 2.538 2.414 2.259 2.072 1.859 1.620 1.361
= 1.8 [2.800 2.781 2.725 2.632 2.503 2.341 2.147 1.924 1.676 1.405
w 1.9 [2.900 2.880 2.822 2.725 2.592 2.423 2.222 1.991 1.733 1.451
L=
S 2.0 §3.000 2:980 2.919 2.819 2.681 2.506 2.298 2.059 1.792 1.500
=
-~ .
= 2.1 [3.100 3.079 3.016 2.913 2.770 2.590 2.375 2.128 1.852 1.551
E- 2.2 [3.200 3.178 3.114 3.007 2.860 2.675 2.453 2.198 1.914 1.605
2.3 {3.300 3.278 3.211 3.102 2.951 2.760 2.532 2,270 1,978 1.661
Sl
o
o 2.4 ]3.400 3,377 3.309 3.196 3.041 2.845 2.611 2.343 2,044 1.720
4 2.5 [3.500 3.477 3.407 3.291 3.132 2.931 2,692 2.417 2,112 1,781
= 2 3.600 3.576 3.504 3.386 3.223 3.018 2.773 2.492 2.181 1.845
2.7 {3.700 3.676 3.602 3.481 3.315 3.105 2.854 2.568 2,251 1.911
2.8 [3.800 3.775 3.700 3.577 3.406 3.192 2.937 2.646 2.323 1,980
2.9 {§3.900 3,874 3.798 3.672 3.498 3,280 3,020 2.724 2,397 2.051
3.0 4;0?0 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2,472 2.125
Phase IBb': 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 9¢Q°
Difference 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270

semidiurnal wave gives height
LLW below MSL. |

Factor multiplied by amplitude of
of HHY above MSL or depression of



Table 10

Height factors for HHW and LLW (2)
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Phase 0°: 10°:; 20° 30°: 40°: 50° 60°: 70°: 80°: 90°
Difference 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270
o 3.0 14.000 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2.472 2.125
e
[+ +]
e 3.1 |4.100 4.073 3.994 3.863 3.683 3.457 3.188 2.882 2.548 2.201
g 3.2 |4.200 4.173 4.092 3.959 3.776 3.546 3.273 2.964 2.626 2.280
E s 3.3 |4.300 4.272 4.190 4.055 3.869 3.635 3.359 3.045 2.705 2.361
‘g’E 3.4 14.400 4.372 4.289 4.151 3.962 3.725 3.445 3.128 2.786 2.445
83 3.5 [4.500 4.471 4.387 4.247 4.056 3.815 3.531 3.211 2.867 2.531
38 3.6 J4.600 4.571 4.485 4.344 4.149 3.906 3.618 3.295 2.950 2.620
holl
B~ 3.7 14.700 4.671 4.584 4.440 4.243 3.996 3.706 3.380 3.033 2.711
w © 3.8 |4.800 4.770 4.682 4.537 4.337 4.087 3.794 3.465 3.118 2.805
Z-E 3.9 |4.900 4.870 4.780 4.633 4.431 4.178 3.882 3.551 3.204 2.901
T el
=
2 8 4.0 [5.000 4.970 4.879 4.730 4.525 4.270 3.971 3.638 3.291 3.000
Phase 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°%
Difference 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270

Factor multiplicﬁ by amplitude of
of HH¥W sebove MSL or depression of LLW below MSL.

semidiurnal wave gives height

If ratio of amplitude of diurnal wave to that of semidiurnal wave

is greater than 4.0,

use Table 16.



64 Table_lﬂa

Height factors for LHW and HLW

'ﬁp.se 0% 10°: 20°: 30°: 40°: S0°:  60°: 70°- 80°. 90°
Difference| 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270
0.0] 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1] 0.900 0.902 0.906 0.914 0.924 0.936 0.951 0.967 0.984 1.001
0.2] .800 .803 .813 .828 .849 .874 .904 .936 .970 1.005
0.3 .700 .705 .720 .743 .775 .814 .859 .908 .559 1.011
> 0.4] .600 .607 .627 .659 .70z .755 .816 .882 .950 1.020
- 0.5] .500 .509 .534 .576 .631 .699 .775 .858 .944 1.031
- 0.6] .400 .411 .442 .493 .561 .644 .736 .837 .941 1.045
-
5 0.7f 300 .313 .351 .412 .493 .591 .700 .818 .940 1.061
© 0.8] .200 .215 .260 .331 .426 .S540 .667 .802 .942 1.080
8 0.9l .100 .117 .169 .252 .361 .491 .636 .789 .946 1.101
[ ]
- 1.0l .000 .020 .079 .174 .298 .445 .607. .779 .953 1.125
_E 1.1] -.100 -.077 -.010 .097 .237 .401 .582 .772 .963 1.151
5 1.2] -.200 -.174 -.098 .021 .178 .360 .560 .767 .976 1.180
o 1.3] -.300 -—.271 -.186 -~-.052 .i21 .322 .540 .766 .992 i.211
> 1.4 —.400 -.367 -.273 _.124 .067 .287 .524 .768 1.010 1.245
> 1.5} -.500 -.464 -.358 -.194 .0l6 .256 .512 .774 1.032 1.281
s 1.6 -.600 -—.560. —.443 -.262 -.033 .229 .504 .783 1.057 1.320
[
3 L7 -.700 -.655 -.526 -.327 -.076 .206 .500 .796 1.085 1.3l
e 1.8] -.800 -.751 -.608 -.389 -.115 .188 .501 .813 1.116 1.405
o~ 1.9] -.900 -.845 -—.688 -—.447 -.149 .176 .S08 .834 1.150 1-451
s 2.0]-1.000 -.940 -.766 -.500 -.174 _.174 .521 .860 1.188 1.500
)
- 2.11-1.100 -1.033 -.841 .92 1.230 1.551
E‘ 2.21-1.200 -1.126 -.913 .930 1.275 1.605
: 2.3{-1.300 -1.218 1.324 1.661
L
o 2.41-1. 400 -1. 309 Tide becomes diurnal with no 1. 377 1.720
P 2.5]~1.500 -1. 398 lower high or higher low water. 1.435 1.781
o 2.61-1.600 —1. 486 1.498 1.845
2.71-1,700 1.911
2.81-1.800 1.980
2.9]-1.900 2.051
3.0]-2.000 2.125
Phase 180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°
Difference 360 - 350 : 340 : 330 : ;20 - 310 : 300 : 290 ; 280 : 270

Tebular factor directly applicable for LHW. Change phese difference by

+ 90° for HLNW.
height of LHW above MSL or depression of HLW below MSL.

Factor applied to amplitude of semidiurnal wave gives



Tropic HH¥W and LLW

Table 10t

factors with Pl corrections
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Phase

Difference

Ratic of amplitude of diurnal wave to that .of semidiurnal wave

0°: 10°%:
190 :

180 :

20°:
200

30°:
210 :

40°:
220 :

50°:
230

60°:
240 ;

T0°:
250 :

80°:
260

9(°-
270 :

Phase

Difference

1.000 1.000 1.000

1.100
1.200
1.300

1.400
1.500
1.600

1,700
1.800
1.900

2,000

2,100
2,200
2.300

2,400
2,500
2.600

2.700
2,800
2.9C0

3.000

3.100
3.200
3.300

3.400
3.500
3.600

3.700
3.800
3.900

4.000

1,098
1.197
1.296

1.394
1.493
1.592

1.691
1.790
1.889

1.988

2,087
2,186
2.285

2.384
2.483
2.583

2.681
2,781
2,880

2.980

079
3.178
3.278

3,377
3.477
3.576

3.676
3.775
3.874

3.974

1.094
1.188
1.283

1.378

:1 | ] 473

1.568

1.664
1.760
1.855

1.952
2.048
2.144
2.240

2.337
2.434
2,531

2.628

1.000

1.087
1.174
1.262

1.351
1.440
1.530

1.620
1.710
1.800

i.B92
1.983
2.075
2' Iﬁ?

2,259
2.352
2.445

2.538

2.725, 2.632

2.822
2.919

3.016
3.114
3.211

3.309

3.407
3.504

3.602

3.700
3.798

3.896

2.725

2.819

2.913
B'UU?
3,102

3,196

3.291
3.386

3.481

3.577
3.672

J.768

1.000

1.077
1.1355
1.234

1.314
1.395
1.476

1,558
1.642
1.725

1.809

1,894
1.980
2.066

2.152
2.239
2.327

2.414
2,503

2,592
2.681

2,770
2.860
2.951

3.041
3,132
3.223

3.315
3.406
3.498

3.591

1.000

1.065
1.131
1.199

1.268
1.338
1.410

1.482
1.536
1.630

1.706

1,782
1.860
1.938

2.017
2.097
2,177

2.259
2.341
2.423

2.506

2.590

2.675
2.760

2.845
2.931
3.018

3.105
3.192
3.280

J.368

1,000

1.051.

1.104
1.158

1.214
1l2?2
1.331

1.392
1.454
1.518

1,583

1.650
1.717
1.786

1.8450
1,927
1.999

2,072
2.147
2,222

2.298

2,375
2,453
2.532

2.611
2.692
2.773

2.854
2,937
3.020

3,104

1.000

1,035

1.073
1.112

1.154
1.198
1.243

1,290
1.340
1.391

1,444

1.498
1,554
1.612

1.672
1.732
1.795

1.859
1.924
1.991

2,059
2.128
2.198
2,270

2.343
2.417

2.492

2,568
2.646
2.724

2,803

1.000

1.019
1.041
1.064

1.0G60
1.118
1.150

1.182
1.218
1.255

1.295

1.337
1.381
1.428

1.477
1.528
1.081

1.635
1.694
1.754

1.816

1.880
1.945
2,014

2.086
2.160
2.236

2,310

2.390
2,470

2.550

1.000

1.013
1.029
1.048

1,069
1,092
1.119

1.147
1.178
1.211

1.24R

1.286
1.327
1,371

1.417
1.465
1.517

1.570
1.626
1l684

1,746

1.809
1.875
1.944

2,015
2.088
2.165

2.243
2.324
2.407

2.494

180°:
360 :

170°:
350 :

160°:
340 -

150°%;
330 :

140°:
320 :

130°:
310 :

120°:
300 -

110°:
290 -

100°:
280 -

90°:
270 :

Fattor is

to be

multiplied by amplitude

of semidiurnal wave.,
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Table 10t

Tropic HHW and LLW factors with P, corrections - cont’d

Phase 0°: 10°: 20°: 30°: 40°: 50°: 60°: 70°: -80°: 90°:
Difference 180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 :
g 3.0 |4.000 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2.550 2.494
-~ . 3.1 |4.100 4.073 3,994 3.863 3.683 3.457 3.188 2,882 2.640 2.582
£ 3.2 14.200 4.173 4.092 3.959 3.776 3.546 3.273 2.964 2,730 2.674
3% 3.3 |4.3004.272 4.190 4.055 3.869 3.635 3.359 3.045 2.820 2.767
w2
°E 3.4 [4.400 4.372 4.289 4.151 3.962 3.725 3.445 3.128 2.910 2.863
82 3.5 [4.500 4.471 4.387 4.247 4.056 3.815 3.531 3,211 3.010 2.962
2B 3.6 ]4.600 4.571 4.485 4.344 4.149 3.906 3.618 3.295 3.110 -3.062
L)
:E:g 3.7 14.700 4.671 4.584 4.440 4.243 3.996 3.706 3.380 3.210 3.166
5o 3.8 |4.800 4,770 4.682 4.537 4.337 4,087 3.794 3.465 3.310 3.272
85 3.9 [4.900 4.870 4.780 4.633 4.431 4.178 3.882 3.551 3.410 3.380
S O :
© 2 4.0 |5.000 4,970 4.879 4.730 4.525 4.270 3.971 3.638 3.510 3.492
Phase 180°; 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°:
Difference 360 : 350 - 340 : 330 ; 320 : 310 : 300 : 290 : 280 : 270 :

Factor is to be multiplied by amplitude of semidiurnal wave.



Table 11

Diurnal inequality factors
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Phase . 0% }0“: 20;: -30': 40°: 50°: 60°: 70°: 80°: 90°
Difference 180 ; 170 : 160 : 150 : 140 .: 130 : 120 + 110 : 100 : 90
0.0 ]0.000 0.000 0.000 0.000 0.00070.000 0.000 0.000 0.000 0.000
0.1 .200 .197 .188 .173 .153 .129 .100 .068 .035 .000
0.2 .400 .394 .375 .346 .306 .257 .200 .137 .070 .000
0.3 .600 .591 .563 .519 .459 .385 .299 .204 .104 .000
) |
> 0.4 .800 .787 .751 .692 .612 .513 .398 .272 .138 .000
* 0.5 |1.000 .984 .939 .864 .764 .640 .497 .340 .172 .000
~ 0.6 }1.200 1.181 1.126 1.037 .915 .766 .595 .406 .206 .000
= . ’
[ % .
g 0.7 [1.400 1.378 1.313 1.208 1.065 .891 .692 .472 .239 .000
© 0.8 [1.600 1.575 1.500 1.379 1.215 1.016 .787 .538 .272 .000
E 0.9 }1.800 1.772 1.686 1.549 1.364 1.139 .882 .602 .305 .000
[ 4]
" 1.0 ]2.000 1.968 1.872 1.718 1.511 1.261 .976 .665 .337 .000
_E 1.1 ]2.200 2.164 2.057 1.886 1.657 1.381 1.068 .726 .368 .000
Y 1.2 12.400 2.360 2.242 2.054 1.802 1.500 1.158 .787 .398...000
S 1.3 }2.600 2.556 2.426 2.219 1.945 1.616 1.246 .846 .428 .000
> 1.4 [2.800 2.752 2.610 2.383 2.085 1.730 1.332 .903 .457 .000
» 1.5 [3.000 2.947 2.792 2.546 2.223 1.841 1.415 .958 .484 .000
- 1.6 ]3.200 3.142 2.974 2.707 2.359 1.948 1.495 1.012 .510 .000
=
_E 1.7 [§3.400 3.337 3.154 2.865 2.490 2.053 1.572 1.063 .536 .000
o 1.8 [3.600 3.532 3.333 3.021 2.618 2.153 1.646 1.111 .560 .000
b 1.9 |3.800 3.726 3.510 3.172 2.741 2.247 1.714 1.157 .583 .000
1)
T 2.0 [4.000 3.920 3.685 3.319 2.855 2.332 1.777 1.199 .604 .000
= 2.1 [4.200 4.112 3.857 1.236 .622 .000
E 2.2 14.400 4.304 4.027 Tide diurnal 1.266 .639 .000
o 2.3 J4.600 4.496 .654 .000
(= )
© 2.4 |4.800 4.686 667 .000
2 2.5 |5.000 4.875 .677 .000
P 2.6 15.200 5.062 .683 .000
2.7 1%.400 - 000
2.8 [5.600 . 000
2.9 |5.800 . 000
3.0 §6.000 . 000
Phase 180°: 190°: 200°: 210°: 220°: 230°: 240°: 250°: 260°: 270°
Difference 360 350 340 330 320 310 300 290 280 270

or HHW-LHW enter table with Phase difference — P
For HLW-LLW enter table with Phase difference = Pt9Q°

In either case multiply tabular factor by amplitude of
semidiurnal wave.
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Table 11t. -

Tropic inequality

factors with Pl corrections

0° _10°  20° 30° 40° 50° 60° 70° 80° 90°
180 170 160 150 140 130 120 110 100 90
0.000 0.000 0.000 0,000 0,000 0,000 0.000 0,000 0.000 0.000
.200 .197 .188 .173 .153 ,129 .100 .068 .036 .025
.400 .394 .375 .346 .306 .257 .200 .137 .071 .049
.600 .591 .563 .519 .459 .385 .299 .204 .106 .074
.800 .787 .751 .692 .612 .513 .398 .272 .141 .098
1.000 .984 .939 .864 .764 .640 .497 .340 .176 .123
1.200 1.181 1.126 1.037 .915 .766 .595 .406 .211 .148
1.400-1.378 1.313 1.208 1.065 .891 .692 .472 .246 .172
1.600 1,575 1.500 1.379 1.215 1,016 .787 .538 .280 .197
1.800 1.772 1.686 1.549 1.364 1.139 ..882 .602 .314 .221
2.000 1.968 1.872 1.718 1.511 1.261 .976 .665 .347 .246
2.200 2.164 2,057 1,886 1.657 1.381 1.068 .726 .380 .271
2.400 2.360 2.242 2,054 1.802 1.500 1,158 .787 .412 .295
2.600 2.556 2.426 2.219 1.945 1.616 1,246 .846 .445 ,320
2.800 2.752 2.610 2.383 2,085 1,730 1.332 .903 .477 .344
3.000 2.947 2.792 2.546 2,223 1.841 1.415 .958 .508 .369
3.200 3.142 2,974 2.707 2.359 1.948 1.495 1,012 .537 .394
3.400 3.337 3.154 2.865 2.490 2,053 1.572°1.063 .567 .418
3#600 3-532 3-333 3.021 2-618 2-153 1:646 1:111 '596 1443
3,800 3.726 3.510 3.172 2.74)1 2.247 1.714 1,157 .624 .467
4.000 3.920 3.685 3,319 2,853 2.332 1,777 1.179 .652 .492
4,400,4.304 4.027 1.266 .702 .54l
4,600 4.496 Tide diurnal P27 .566
4.800 4.686 ,750 .590
5,000 4,875 .773  .615
5,200 5.062 .793  .640
5. 400 . 664
54600 .689
5,800 .713
6.000 a 738
~180° .190° 200° 210° 220° 230° 240° 250° 260° 270°
360" 350 340 330 320 310 300~ 290 280 _ 270
Factor is to be multiplied by amplitude of semidiurnal wave.



Table 12. - Effect of P, on diurnal inequality 69

PR E—— gl

.00 .01 02 .03 .04 05 06 .07 ,08 .09

—

0.637 0.627 0.617 0.607 0.598 0.588 0,578 0.569 0.559 0,550

. 240 530 521 511 « 502 .493 . 484 475 466 458
449 . 440 431 423 0415 . 406 . 398 .390 .382 . 373
. 365 . 357 .« 349 341 333 326 . 318 310 . 303 296

, 288 .281 273 266 . 259 252 . 245 .238 . 231 0224
218 . 211 . 204 . 198 . 191 . 185 .179 173 . 167 » 161
155 . 149 . 143 .138 132 126 . 120 115 110 . 105

. 100 . 095 . 090 ., 085 . 080 075 071 « 067 063 . 058

054 050 046 . 043 039 . 035 031 028 .025 022
019 . 016 .013 011 009 007 005 . 003 002 001

. 000 .- --- - . - - .- R -—--

Table = 0.6366 (1-L7)% - 0,0111 L (cos™'L)°
. = HWQ'/2P, for HW inequality, or LWQ'/2P, for LW inequality.

Note: - Tabular value multiplied by amplitude of P, will give the
change in height of HH¥ or LLW due to presence of this constituent.

I1f above factor 13 to be combined with faectors inTable 10, 1t should
first be multiplied by ratio P, /M .



70 Table 13. - Mean diurnal inequality factors

(Including P, effect)
0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
180 190 200 210 220 230 240 250 260 270
0.010.646 ©.646 0.646 0.646 0.646 0.646 0.646 0.646 0.646 0.646
643  .642 .633 .619 .601  .,582 ,563 .547 ,536 .53l
642 .640 .624 .598 .566  .531  .496  .465  .446  .437
641 .638 .616 .585 .543  .495  ,446  .402  .369  .357
641 .635 .611  .574  .522  .467 .406  ,349 ,308 .29]
1641 -634 1603 -565 |511 I446 13?5 I309 1256 -235
640 .632 .605  .560  .502  ,432 .354 .278 .215 .189
639 .631 .604 .557 .495 .422 .339 .255 .183 .15l
638 .630 .602 .555 .492  .416 .329 ,239 .162  .127
638  .629 .600 .554 .489  ,413 ,324 ,231 .152 .1l13
.639 629 . 600 .552 ,488 .410 .321 227 . 145 . 106
180° 170°  160° 150° 140° 130° 120° 110° 100°  90°
360 350 340 330 3920 310 300 29( 280

When O /K, is greater than unity, enter table with its reciprocal.

270

For HW inequality take P = MKO -lv; for LW inequality take P = MKO-Yw190°.

For mean inequalities multiply factor by (K,+0,).



Table 14.- Acceleration 1n diurnal tide due to semidiurnal wave, 71
(Expressed 1n degrees of diurnal wave)

0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
180 190 2030 210 220 230 240 250 260 270
2 ° 2 2 2 2 ° ° 2 2
0.0 0.0 0,0 0.0 0.0 0.0 G,0 0.0 0.0 0.0
0.0 0.4 0,7 1.0 1,1 1.1 1.0 0.8 0.4 0.0
0.0 0.7 1.4 1.9 2.2 2,3 2.1 1.6 6.8 0.0
0.0 I.1 2.0 2.8 3.3 3.4 3.1 2.4 1.3 0.0
0,0 1.4 2,6 3.6 4.3 4.6 4.3 3.3 1.8 0.0
0.0 1.6 3.2 4.5 5.4 9.7 5.4 4.3 2.4 0.0
0.0 1.9 3.7 5.2 6.4 6.9 6.6 5.3 3.0 0.0
0.0 2.2 4,2 6,0 7.3 8.0 7.8 6.4 3.7 0.0
0.0 2.4 4,7 6.7 8.2 9.1 5.0 7.5 4.4 C.0
0.0 2.6 5.1 7.4 9.1 10,2 10,2 8.7 5.2 0.0
0.0 2.8 5.6 8.0 10.0 11.3 11.4 10,0 6.1 0.0
0.0 3.0 5.9 B.6 10.8 12.3 12,7 11.3 7.1 0. G
0.0 3.2 6.3 9.2 11,6 13.3 13.9 12.6 8.2 0,0
0.0 3.4 6.7 9.7 12.3 14.3 15,1 13.9 9.4 0.0
0.0 3.6 7.0 10,3 13.1 15,2 16,2 15.3 10.6 0.0
0.0 3.7 7.4 10.8 13.8 16.1 17.4 16,7 12.1 0.0
0.0 3.9 7.7 11.2 14.4 17.0 18.5 18.1 13.6 0.0
0.0 4.0 §.0 11,7 15.1 17.8 19.6 19.5 15.2 0,0
0,0 4,2 8.3 12,1 15.7 18.7 20,7 20,9 16.9 0.0
0.0 4.3 8.5 12.6 16.3 19.4 21,7 22.2 18.6 0.0
0.0 4.4 8.8 13.0 16.8 20.2 22,7 23.5 20.5 0.0
0.0 4.6 9.0 13.3 17.4 20,9 23,6 24.8  22.3 0.0
0.0 4.7 9.3 13.7 17.9 21.6 24.6 26.1 24,1 0.0
0.0 4.8 9.5 14.1 18.4 22,3 25.5 27.3 259 0.0
0.0 4.9 9.7 14,4 18.8 22.9  26.3 28.5  27.7 0.0
0.0 5.0 9.9 14.7 I9.2 23.5 27.1 29.6 29.4 0.0
0.0 5,1 10.1 15.0 19.7 24,1 27.9  30.7 31.0 15,9
0.0 5.2 10,3 15.3 20,2 24,7 28.7 31.7 32.5 22.2
0.0 5.3 16.5 15.6 20.6 25.2 29.4 32.7 34.0  26.8
0.0 5.4 10,7 15,9 21.0 25.7 30.1 33.6 35.4  30.5
0.0 5.4 10.9 16.2 21.3 26.3 30.8 34.5 36.8 33.6
+ + + + + t t + + +
180° 170° 160° 150° 140° 130° 120° 110° 100° 90°
360 350 340 330 320 310 300 290 280 270
Tabular value is negatlve with top argument, positive with bhottom
argument., |
Table directly applicable toHW; change argument P by 907 for LW,
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Table 15

Acceleration in diurnal tide due to semidiurnal wave
(Expressed in solar hours)

P 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
R' 180 190 200 210 220 230 240 250 260 270
hour hour hour hour hour hour hour hour hour hour
0,00§ 0,00 0.00 0.00 0.00 . 0,00 0.00 0.00 0,00 0.00 0,00
.01 .00 .03 .05 07 .08 .08 .07 05 .03 .00
.02 .00 .05 .10 i 1S .16 .14 .11 .06 .00
.03 .00 .08 .14 L «23 w24 w22 .17 .09 .00
.04 .00 .10 .18 25 .30 32 .30 .23 .13 .00
.05 .00 211 .22 .31 3T .40 .38 .30 .17 .00
.06 .00 =13 .26 .36 . 44 .48 .46 .37 321 .00
.07 .00 15 - ie) Al .50 .55 .54 .44 .26 .00
.08 .00 17 +32 .46 27 .63 .62 .52 .31 - ,00
.09 .00 18 .35 251 .63 .70 .70 .60 .36 .00
.10 .00 +19 .38 Yb) .69 .78 .79 .69 .42 .00
v 1.1 .00 .21 41 59 .15 .85 .88 .78 49 .00
12 .00 22 .43 .63 .80 .92 .96 .87 «57 .00
.13 .00 e .46 .67 .85 .99 1.04 .96 .65 .00
. 14 .00 .25 .48 i | .90 1,05 1.12 1.06 . T4 .00
.15 .00 .26 Al o 19 .95 1.11 1.20 Lo15 .83 .00
.16 .00 w27 33 .78 .99 1.17 1.28 1.25 94 .00
o irs .00 .28 .55 .81 1.04 1.23 1.35 1.35 1.05 .00
18 .00 +29 57 .84 1.08 1.29 1.43 1.44 1.17 .00
] .00 .30 59 .87 1:12 1,34 1.50 1.53 1.29 .00
.20 .00 «31 .61 .90 1.16 1.39 1.57 1,62 1.41 .00
21 .00 +32 .62 32 1,20 1.44 1.63 L.71 1.54 .00
«22 .00 ) .04 .95 1.24 1.49 1.70 1.80 1.66 .00
23 .00 33 .66 .97 127 1.54 1.76 1.88 1.79 .00
24 .00 .34 ‘67. .99 1.30 1.58 1.81 1.96 1.91 .00
.25 .00 .34 .68 1.02 1.33 1.62 1.87 2.04 2.03 .00
.26 .00 .35 .70 1.04 1.36 1.66 1.93 2,12 2.14 1.10
270 .00 .36 71 1.06 1.39 1.70 1.98 2.19° 2,24 1.53
w28 .00 .37 T2 1.08 1.42 1.74 2.03 2.26 2.35 1.85
.29 .00 o 30 T4 o 0 LS | 1.9 2,08 2,32 2.44 2.10
.30 .00 .37 +75 e 1.47 1.81 2.13 2,48 2.54 2.32
+ + + + + + + + +
R' 180° 170° 1607 150° 140° 130° 120° 110° 100° e
p 360 350 340 330 320 310 300 290 280 270

Tabular value

argument.
Table directly applicable to HW; change argument P by + 90° for LW.

is negative with top argument, positive with bottom



Table 16.-Height tactors

for diurnal tides.
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P 0°: 10°: 20°: 30°: 40°: 50°: 60°: 70°%:, 80°: 90°
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270

0.00 §1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
.01 §1.010 1.009 1.008 1.005 1.002 0.992 0.995 0.992 0.991 0.990
.02 §1.020 1.019 1.016 1,011 1.004 +997 .991 . 985 .981 .980
.03 J1.030 1.028 1.024 1,016 1.007 . 996 . 986 . 978 972 . 970
.04 §1.040 1.038 1.032 1,022 1.010 . 996 . 983 L9971 .963 . 960
.05 §1.050 1.048 1.040 1.028 1.013 . 996 . 979 . 964 « 954 . 950
.06 §1.060 1,057 1.048 1.035 1.017 .997 .976 @ .958 . 945 . 940
.07 §1.070 1.067 1,057 1.041 1,021 .998 .973 .951 .936 .930
.08 §1.080 1,076 1.065 1.048 1.025 . 999 .971 .945 -927 . 920
.09 #1,090 1.086 1.074 1.055 1.030 1,000 . 969 . 940 .918 .910
.10 §1.,100 1.096 1,083 1,062 1.035 1.002 . 968 . 935 .910 . 900
.11 §1.110 1.105 1.092 1,069 1,040 1.005 . 967 . 930 ,901 .890
.12 §1.120 1,115 1,101 1.077 1.045 1.008 . 966 .926 .893 .880
.13 §1.130 1.125 1.109 1.084 1.051 1.011 . 966 .922 .885 .870
.14 §1.140 1.134 1,118 1.092 1.057 1.014 . 966 .918 .878 .860
.15 1,150 1,144 1,127 1.100 1.063 1.017 . 967 . 915 .870 .850
.16 §1.160 1.154 1.136 1.108 1.069 1,021 . 968 .912 .863 .840
.17 11,170 1.164 1.146 1.116 1.075 1.025 . 969 .910 857 .830
.18 §1.180 1.174 1,155 1,124 1,082 1.030 971 .908 .851 .820
.19 §1.190 1.184 1.164 1.132 1.088 1.035 2973 . 907 .845 .810
.20 f1.200 1,193 1.173 1.140 1,095 1.040 976 2907 .840 . 800
.21 f1.210 1.203 1.182 1,148 1,102 1.045 <979 . 906 .835 . 790
.22 §1.220 1,213 1.192 1,157 1,109 1.050 . 982 . 906 .831 . 780
.23 11,230 1.223 1.201 1.165 1.117 1.056 .985 . 907 .828 .770
.24 §1.240 1,232 1,210 1.174 1.124 1.062 . 989 . 908 . 825 . 760
.25 $1,250 1.242 1,220 1.182 1.131 1.068 .993 ,910 .823 .750
.26 11.260 1,252 1,229 1.191 1.139 1,074 . 997 .911 .821 . 741
.27 11,270 1.262 1.239 1.200 1.l46 1.080 1,001 .913 .820 <733
.28 §11.280 1.272 1.248 1.209 1,154 1.086 1.006 . 916 .819 . 726
.29 §1,290 1,282 1.258 1.217 1.162 1.093 1.011 .919 .819 #1721
.30 11.300 1.292 1.267 1.226 1.170 1,100 1.016 .922 . 820 4 by
.40 §1,400 1.391 1.363 1.316 1.253 1.172 1.077 . 967 . 845 .712
'.50 1.500 1.490 1.460 1.410 1.340 1.253 1.149 1.030 . 896 . 750
180°: 170°: 160°: 150°: 140°: 130°: 120°: 110°: 100°: 90°

P 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270

Table directly applicable to HW.

Change argument P by ¥ 90° for LW.



T4 Table 17.-Mean height factors for diurnal tides.

~_P 01 107, 20° 30° 40° 50° 60° 70° 80° 90°
R 180 190 200 210 220 230 240 250 260 270
0.00 0.66 0,66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
.01 .67 .67 .67 .67 .67 .67 .67 . 06 . 66 .66
.02 .67 .67 .67 .67 67 .67 67 .67 66 .66
.03 .68 .68 .68 .68 .68 .67 .67 .67 .67 .66
.04 .69 .69 .69 .69 .68 .68 .67 .67 .67 . 66
.05 .70 .70 .70 .69 .69 .68 .68 .67 .67 .66
.06 .71 .71 .70 .70 .69 .69 .68 .67 .67 .66
.07 .72 ST2 .71 .70 .70 .69 .68 .68 .67 .66
.08 + T3 i 09 w2 . T1 .70 .70 .69 .68 57 .66
.09 T4 .73 .73 .72 .71 .70 . 69 .68 .67 .66
. 10 .74 .74 13 T2 T .70 .69 .68 .67 . 66
.11 ) ) 74 .73 .72 wil .70 .69 + 67 .66
.12 .76 .76 * 19 .74 -3 ) .70 .69 .68 .66
.13 T 7 <76 « 75 <73 .72 .70 .69 .68 . 66
.14 .78 78 7 &1 .75 .74 .72 71 .69 .68 .66
«15 «T9 .79 .78 .76 w15 .73 w7l .70 .68 .66
.16 . 80 .80 .78 W77 « 15 T3 .%2 .70 .68 66
.17 .81 .81 .79 .78 .76 . T4 312 .70 .68 .66
.18 «82 .82 .80 .78 .76 « 74 .72 .70 .68 s 66
19 .83 .83 .81 .19 Wil 7 w15 e .71 .68 . 66
.20 .84 .84 .82 .80 .78 .16 T3 .71 .69 .66
.21 .85 .85 .83 .81 .79 .16 .74 Pl . 69 .66
.22 .86 .86 .84 .82 . 79 sl T T4 «T1 .69 .66
.23 .87 .87 .85 .83 .80 17 V15 w2 .69 .66
.24 .88 . 88 .86 .84 .81 .78 « 75 w12 .69 . 66
« 25 .89 .89 .87 .85 .81 .18 # 1.5 sl 2 T.69 .66
R' 180° 170° 160° 150° 140° 130° 120° 110° 100° 90"
Pl 360 350 340 330 320 310 300 290 280 270

Take R' = M,/(K +0,); P = MKO for H¥ factor; P = MKOt90° for LW
factor.

Tabular value to be multiplied by (K,%0,)

Above table includes empirical corrections fordisturbing effects of

other constituents.
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